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ABSTRACT 
The nature and behavior of chromosome inversions and translocations 
are discussed and the literature reviewed. Their uses in cytogenetic 
and biochemical studies are also outlined and applications are cited. 
Linkage data are presented for the genetic positions of sixteen 
translocations in chromosome 9 with reference to the marker genes .£, 
,!!1 , am !!- Data are also presmted for the map posi ti.one of fourteen 
transloo ations in chromosane 2, with reference to the genes ~, i!2, 
~, s~ , and .!Ii. '.rhe uses of duplicate-deficient gametes and pollen 
grains in cytogenetic investigatl.ons are outlined and their applications 
to these studies are described. Techniques for the classification and 
transmission of unbalanced chromosome complements are presented and the 
phenotypic effects of certain gene dosages are described. Available 
information on each of the thirty translocations mentioned above is 
summarized and its bearing on previous information regarding chromo-
somes 2 and 9 is discussed. 
Studies are also reported in which the !s,-i!2 and.£-!! regions 
are moved to different positions in the chromosome complement. Cha~es 
of position were brought about by using chromos:>me rearrangements. In 
each case, the crossover value is measured in the homozygous rearrange-
ment and is compared with the crossover value .found when the region is 
in its standard position. In s:>me cases recombination values from 
.female and male transmission are also compared. 
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PAR!' I. INTRODUCTION. 
Chromosome rearranganents, reciprocal translocations and inversions, 
have been of particular interest and value in maize because of the 
unique opportunities which they offer for correlating chromosome 
behavior with crossing over. The suitability of maize for such studies 
is due in large part to its excellence as material for the cytological 
observation of early meiotic stages, at which time the chromosomes 
appear as long, thin threads with homologous regions closely paired. In 
this condition the finer structure of the chromosome is clearly visible 
and each of the chromosomes may be differentiated by its characteristic 
features. The configurations resulti~ when rearranged chranosomes 
synapse with their normal homologues makes it possible to determine 
rather accurately the points at which chromosome rearrangement has 
occurred and permits the correlation of visible points an the chromo-
somes with loci on the linkage maps. 
The usefulness of a combined cytological and genetic approach in 
maize has been amply demonstrated by such diverse studies as the 
correlation of cytological and genetic crossing over (Creighton and 
McClintock, 1931 ), studies on crossing over in trisomics (Rhoades, 
19J3a) and in maize-teosinte hybrids (Beadle, 1932a), investigation 
of the constitution and properties of a secondary trisomic (Rhoades, 
1936), and analysis of the behavior of ring fragments (McClintock, 
193 2b, 1938a). More recently, cytogenetic evidence from a variety of 
sources was used by Anders:>n and Randolph (1945) as a basis for esti-
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mating the positions of the centromeres on each of the linkage maps. 
Other recent applications of this dual approach have included 
McClintock' s elaboration of the nature of chromosome and chromatid 
breakage-fusion-bridge cycles in maize (McClintock1 1938a and b1 1941 1 
1942a, and subsequent annual reports in Carnegie Yearbooks) and 
description of the behavior of dissociation loci (See McClintock1 1950 
for references). Beginnings have also been made in the application 
of cytogenetic techniques to problans of econanic importance. Burnham 
and Cartledge (1939) made use of reciprocal translocations in eearching 
for genes for smut resistance in maize, and v. H. Rhoades (1935), using 
chromosomes deficiencies, succeeding in locating the factor for resis-
tance to physiologic form 3 of Puccinia Sorghi. 
In order that these, and similar techniques, may be used to 
maximum advantage, however, it is necessary that information on the 
linkage relations of genes and physical. loci on the chromosome threads 
be improved and EDCtended to permit adequate marking and controlling of 
all regions of the chromosome complement. Fortunately, an extensive 
collection of reciprocal translocations is now available and is 
admirably suited for this purpose. 
A recognition of the need for a combined cytological. and genetic 
study of an extensive series of chromosome rearrangements has led 
Dr. E. G. Anderson to assemble and maintain at the California 
Institute of Technology several hundred such stocks. Most of the older 
translocations and inversions were derived from X-~ treatment. The 
linkage relations of a large nunber of tre se have been investigated 
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extensively by Anderson, Burnham, Brink, and collaborators, as well 
as by others. More recent additions to the collection have consisted 
chiefly of rearrangements which occurred in progenies of maize seed 
exposed to radiations from atomic bombs. The cytological determinations 
of the interchange points of most of the rearrangements being maintained 
in stock have been made by Dr. Long lE!IY' ( 19 50, am Unpubl. ) • 
The present study of chromosOOJe rearrangements was undertaken at 
the suggestion of Dr. Anderson. Data reported here are primarily con-
cerned with the linkage relations of a number of reciprocal trans-
locations involving chromosomes 2 or 9, and with the effect upon cross-
ing over relations in the ~-.s.!2 reg!.on of chromosome 2 or the.£-~ 
region of chromosome 9, respectively, "Whenever the position of either 
of these regions with respect to the rest of the chromosome complement 
is changed. 
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PART II. GENERAL DISCUSSION OF CHIDMOSWE REARRANGEMENrS 
The evidence so far obtained suggests that most chromosome 
rearrangements can be explained on the assumption that broken ends 
of chromosomes tend to unite two-by-two. When, through natural 
causes or by artificial means, a chromosome becomes broken at any 
one place, two broken ends are produced. If 1 in addition, a similar 
break occurs at some other point in the chromosome complement, two 
more broken ends may be present in the same cell simultaneously. 
According to current theory, these broken ends tend to unite two-by-
two, the types of chrcmosoxoos which result being entirely dependent 
upon the positions of the breaks and the manner of reunion. If each 
of the breaks is in a different chromosome, and reunion occurs in 
such a manner that portions of two chrcmosone anns become reciprocally 
transposed, the result is termed a reciprocal translocation, or chromo-
soIIE interchange. If 1 on the other hand, both breaks occur in the same 
chromosoxoo 1 reunion of broken ends may occur in such manner that an 
internal region of a chromosome becomes inverted m. th respect to its 
standard, or normal, relation in the chromosome. Such a rearrangement 
is termed a chromosome inversion. Other possible ways of reunion of 
the broken ends may produce deleted, dicentric, or ring chromoscmes 
as well as acentric fragments. All of these latter types are variously 
lacking in chromatin and are either non-transmissible or are recog-
nizable by suitable means. Of course, if broken ends which were 
previous'.cy joined should reunite, the constitution and sequence of parts 
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of the original chranosomes is re-established. The available 
information indicates that only broken ends reunite, and that terminal 
inversions and so-called "simple" translocations do not occur. Each 
of the latter types woulrl require the union of a broken end with an 
unbroken, terminal end of a chromosome. 
Inversions 
Changes in pairing homC?logy as a result of the presence of an 
inversion produce a pachytene loop configuration, whose extremities 
indicate the two points of interchange. The cyrtological positions of 
the points of breakage in an inverted chromosome IllB\1 be determined 
in the heterozygote by cytological analysis of the early meiotic 
prophase chromosomes. Heterozygous inversions also form loop con-
figurations in the salivary gland chromosomes of Drosophila. 
Muller (1940) proposed that inversions including the centromere 
be termed pericentric and those confined to a si. ngle chromosome arm 
be cal led paracentric. Heterozygous inversions of both types produce 
loop configurations in meiotic prophase or in the salivary gland 
chromosomes. Single crossover chromatids arising from exchanges within 
the bounds of a heterozygous paracentric inversion are dicentric and 
form a chromatin bridge at meiotic anaphase or are acentric and become 
lost in succeeding mitoses (McClintock, 1933). These dicentric and 
acentric crossover chromatids carry genetic duplications and deficiencies. 
Single crossover chromatids arising from exchanges 'Within heterozygous 
pericentric inversions also carry duplications and deficiencies but 
-€r 
each chrom.atid has a single centromere and hence no chromatin bridges 
are produced. Double crossover chromatids arising from multiple 
exchanges within the limits of either type of heterozygous inversion 
carry neither duplications nor deficiencies and are recovered in 
viable progeny. Duplicate deficient chromatids usually cause abortion 
of the gametophyte generations of plants. In animals, on the other 
hand, aneuploid gametes carrying duplicate deficient chromatids are 
functional but ordinarily give rise to zygotic or embryonic lethals. 
Heterozygous inversions have been found to resilt in a great reduction 
in genetic recombination within inverted regions in Drosophila melano-
gaster (Sturtevant, 1926, 1931; Sturtevant and Beadle, 1936) and in 
.£• pseudoobscura (Dobzhansky and Epling, 1948). Duplicate-deficient 
crossover chromatids are excluded from functional egg nuclei in 
Drosophila and Sciara (Sturtevant and Beadle, 1936; Carson, 1946), 
resulting in eggs carrying only non-crossover chromatids. Nonnal 
sperm are produced by Drosophila males heterozygous for inversions 
because of the absence of crossing over. 
Darlington and LaCour (1941) found that in plants dicentric 
chromatids are excluded from terminal megaspor es in m.egasporogenesis, 
but are included in aneuploid micro spores, usual:cy non-tum tional. 
Thus, in plants heterozygous paracentric inversions may give rise to 
pollen abortion but little or no ovule abortion. 
The cytological behavior of inversions in maize has been reported 
by McClintock (1931, 1933, 1938b) and a cytogenetic study was recently 
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made by Morgan (1950). The latter used pollen abortion frequency 
as a measure of the minimum genetic length of an inversion. The 
break points of an inversion may be considered as two loci bounding 
the inverted segment with the products of recombination measured as 
aborted pollen grains. Each single or three-strand double excha~e 
within the inversion gives rise to two normal and two aborted pollen 
grains. Each four-strand double exchange produces four aborted pollen 
grains, while each two-strand double exchange gives rise only to normal 
pollen and hence remains undetected. The percentage of pollen abortion 
will therefore equal one-half the single and three-strand double 
chiasma frequencies plus the foul'-strand double chiasma frequency. 
The percentage of pollen abortion is thus a measure of the minimum 
genetic length of the inversion, since it represents a fair~ accurate 
approximation of one-half the total chiasma frequency. By observing 
t he amount of aborted pollen in nonnal sister plants, appropriate 
corrections may be made for the small amount of pollen abortion due to 
causes other than aneuploidy. Due to suppression of crossing over by 
asynapsis and non-homologous pairing (McClintock, 1933), the calculated 
genetic length of an inversion may be eJq>ected to be less than the 
genetic length of the same sector in either its normal arrangement or 
in the homozygous inversion. Morgan (1950) , in s tud;ying paracentric 
inversion 4a, found a striking difference between pollen abortion 
{25 percent) an:i ovule abortion (4 percent). Since Eyster (1922) 
found no significant difference in crossing over in male and fEmale 
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flowers for the ~-~ region of chromosome 4, it appears that in 
maize, as in Drosophila, single crossover chromatids from heterozygous 
paracentric inversions are not ordinarily included in functional. eggs. 
By contrast, plants heterozygous for pericentric inversion 2b showed 
an average pollen abortion of 19.1 percent and an average ovule 
abortion of 20. 1 percent. These results are consistent with previous 
observations that crossover chroma.tids from heterozygous pericentric 
inversions are not excluded from megaspar es. 
The only inversion (inversion 2a) included in the data reported 
in this paper was studied exclusively in the homozygous state. It is 
expected that under these conditions there llOuld be no suppression af 
crossing over or production of duplicate-deficient spores and that 
pairl ng of homologous regions should be complete. Unless specifically 
noted, therefore, all further references to duplicate-deficient spores 
and aneuploicy which appear in the discussion and references to the 
data in the text will be concerned with aneuploid types encountered 
in studies of heterozygous chromosome interchanges. 
Chromosome Interchanges 
Chromosomal interchanges, or reciprocal translocati ons, i n maize 
arise by a mutual exchange of parts of non-homologous chromosomes. 
Cells containing such interchanged chromosomes have all chranosome 
material represented in the normal amount but are characterized by an 
altered sequence of certain chromosome regions. The changed sequence 
is also attended by altered linkage relations of genetic and cytological 
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markers carried on the regions shifted. 
The posit.ions within chromosomes at which an interchange has 
occurred may be determined fairly accurately by cytological observation 
01' the configurations assumed by the meiotic prophase chromosomes in 
microsporocytes of plants heterozygous for the interchange. The 
synaptic pairing of the interchanged chromosomes with their normal]S"-
arranged homologues leads typical]S" to a cross-shaped configuration 
whose point of intersection indicates the points of interchange in the 
two chromosomes. In some instances, the position of an interchange 
may be placed ldth reference to conspicuous markers such as knobs or 
other stable morphological features of a chranosome. Non-homologous 
pairing in some translocation complexes oometimes causes considerable 
difficulty in determining the points of interchange. Usually such 
non-homologous associations can be detected when several figures are 
compared because of the variable position of the cross in the con-
figuration (Longley, 1950). The posit.ions af interchange can be 
determined quite accurately in certain favorable instances by observ-
ing the homozygous translocations. If, as a result of translocation, 
chromosome regions of markedly different appearance are joined, the 
precise point of union may be apparent. This has been true parti-
cularly in those instan::es wmre a heavily-staining chromosome region 
has become attached to a lightly-staining one. 
The genetic behavior of interchanges has been clearly described 
by Anderson (1935). Semisterile-1 (now designated T1_?.a) is found to 
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be typical. Originally reported by Brink (1927) 1 it has been studied 
by Brink and Burnham (1929) 1 Brink and Cooper (1931 1 1932a) and Cooper 
and Brink (1931). Later 1 twas used by Anderson and Clokey (1934) 
and Anderson (193.5) for identification of unplaced translocationa by 
analysis of diakinesis figures. Plants heterozygous for the inter-
change produce anpty (starch-free) aborted pollen grains and normal 
pollen grains in approxi.mately equal numbers. When such semisterile 
plants are sel.fed1 their progeey consists of fifty percent semi.sterile 
plants and fifty percent normals. The normals are1 h<Mever1 of two 
types. One-half are ordinary normals and have their chromosomes in 
standard sequence. These yield only fully-fertile plants when out-
crossed to normal stocks. The remaining half (originally termed X-
normals) are homozygous for the interchanged chranosomes and give 
on~ semisterile plants in outcrosses to standard stocks. Homozygous 
interchange plants are not phenotypically different from ordinary 
normals and are fully fertile. 
The typical semisterile nature of plants heterozygous for a 
chromosome interchange is occasioned by the manner of distribution 
of normal and interchanged chromosomes to the spores at meiosis. In 
the typical inatame1 the distribution of the interchange and normal 
chromosomes is ruch that one-fourth of the spores receive both inter-
change chromosomes1 one-fourth receive both nonna.11 an:l one-half a 
nonnal and an interchange chromosome. The first two classes have all 
chromosome regions present and are completely viable. Pollen grains 
-11-
developed from spores of these types are filled with starch and normal 
in appearance and functioning. On the other hand, spores receiving a 
normal arrl an interchange chromosane are duplicated for a portion of 
one chromosome and deficient for part of the other. Pollen grains 
developed from them appear enpty (starch-free) or abortive. Because 
of the fact that such unbalanced spcres are not ordinari3'r functional, 
the complete interchange appears to be transmitted as a single unit. 
Since crossing over may occur between homologous regions of normal 
and interchange chromosomes, a translocation may be followed in linkage 
tests as if it were a dominant gene for partial pollen sterility 
located at the points of interchange in the linkage maps of both 
chromosoioo s. 
In some translocations which have been s tudied.1 eggs of duplicate-
deficient chranosome constitution may be functional. In these instances 
pollen of like constitution is usually partly or completely filled with 
starch, in sane cases being indistinguishable from normal. The 
detection of unbalanced gametes and tre genetic consequences of their 
functioning are elaborated in a later section. 
Since chromosome interchanges in maize may be followed both 
genetica~ and cytologically1 they afford an excellent means by which 
genetic and cytological maps may be closely coITelated. As genetic 
markers they possess the advantages of being readily ·classifiable in 
combination with most genes ani of having no pronounced detriment.a 
physiological effects on plants carrying them. Except for the pro-
duction of aborted spores, plants carrying translocations are not 
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distinguishable in appearance from normals. 
It has been pointed out by Anderson and Randolph (1945) that 
the use of translocations in the measurement of map dista~es is some-
what unreliable because of their effect in suppressing crossing over. 
Also the sequence of translocations in a short region between two genes 
cannot at present be determined satisfactorily except in special 
instances. However, the order of genes and translocations on linkage 
maps can be ascertained reliab1y. Moreover, by making use of the homo-
zygous translocation or the female transmission of duplicate-deficient 
gametes, it is of ten possible to determine the sequence of a trans-
location in a linkage map much more easily and accurately than 'WOuld 
be possible in the case of a gene at the same locus. Translocations 
have been used in the mapping of the centromeres in maize by Anderson 
and Randolph ( 194 5). 
Andera:>n (1938) directed attention to the fact that chromosome 
interchanges provide excellent mans of eJCploring regions of chromo-
somes where no genes are known. In most instances, one need simply 
cross any new or unplaced gene with a suitable translocation, then 
backcross to the new gene if recessive or to a nonnal stock if 
dominant. Classification of the progeny for the gene character and 
for pollen sterility affords a direct linkage test with a known point 
on a chromosome. This general technique was used by Burnham and 
Cartledge (1939) in searching for genes in maize conferring resistance 
to smut. 
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It was previously pointed out that the abortion of unbalanced, 
duplicate-deficient gametes in a plant heterozygous for a reciprocal 
translocation results in the translocation being transmitted as a 
unit. Stated in other words, the points of interchange in the two 
chromosomes are completely linked in inheritance. By choosing a 
translocation with interchange points in appropriate positions it is 
thus possible to bring about an artificial linkage of specified 
regions on two different chromoscmes. The use of this very valuable 
technique will undoubtedly fi.n1 important applications in physiological 
and developmental studies in the future. Its use in a stuqy of 
developing maize endosperms was outlined recently by Andermn (1952 a,c). 
For a ccmparative biochemical. assay of developing starchy and sugary 
kernels on the same ear, separation of the two classes at an early 
ontogenetic stage was required (Teas, et .:!1 1952). This separation, 
however, does not become apparent until near maturity. Yellow and 
white endospenn, on the other hand, can be se~rated at an earzy milk 
stage, about two weeks after pollination. The recµired separation 
was accomplished by means of translocation 4-6a, which artificially 
links the gene ~ on chromosom 4 and the gene ! on chromosome 6 
with less than five percent crossing over. 
In order to take full advantage of techniques involving chromo-
some interchanges, however, it is necessary to accumulate a consider-
able amount of infonnation on the linkage relations of the various 
interchanges in order to correlate gene loci with positions in the 
observed chromosome threads. 
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PART III. A BRIEF OUTLINE OF THIS STUDY 
Because of the presence of many very useful genes in the short 
arms of chromosanes 2 and 9, it was considered desirable that a study 
involving appropriate translocation stocks be undertaken in order to 
secure more ex.act information on the physical locations of the genes 
in these arms and concurrently to provide more effective means of 
marking and controlling desired portions of the two regions. The 
translocation stocks selected for this purpose were those which, on 
the basis of cytological determinations by Dr. Longley and others, 
were indicated in each case to have one interchange point in either 
the short arm of chranosome 2 or the short arm of chromosome 9. 
Several doubtful oases were also included, however, in which the 
paohytene configurations studied did not permit definite assigmnent 
of the positions of the interchange points with respect to the short 
or the long arms. In some oases the uncertainty was due to the 
proximity of the breakpoint to the centromere, while in other 
instances non-homologous chromosome associations within the pachytene 
translocation complex made detennina.tion of the interchange points 
difficult. 
Translocations in chromosome 2 were placed with reference to 
some or all of the genes ~1 , i,!2, ~' ~1 , and !q• The translocations 
in ohranosome 9 were placed with reference to the genes ~' ~, and:!!!• 
In all oases plants heterozygous for the translocation and for the 
marker genes employed were backcrossed to the appropriate tester stocks 
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and the progeny classified. Detailed accounts of the s pecif ic 
techniques employed in each case are presented in later sections. 
Chromosome rearrangements were also used to give information 
on the mechanism of crossing over. The specif ic question which was 
investigated is whether the amount of crossing over within a certain 
chromosome region is an inherent property of that region or whether 
it is dependent upon the position of the region \vith respect to tm 
rest of the chromosome complement. As a result of a reciprocal 
translocation or an inversion, a portion of a chromosome arm may be 
reattached in such a way that a region ireluded within it comes to 
occupy a position cytologically considerably nearer to or farther 
from a centromere, or at approximately t he same distance from a 
different centromere. From the large stockpile of reciprocal trans-
locations and inversions available at the California Institute of 
Technology, rearra?'€ements were selected whose cytological placements 
indicated a shif ting of the ~-~2 region of the short arm of 
chromosome 2 or the C-wx region of the short a:rm of chromosome 9. 
--
Plants were then produced which were homozygous for each rearrangement 
and heterozygous for the genes being followed. These plants were 
test-crossed reciprocally to stamard ~1-~2 or £-~ testers, and 
the progeiv classified. In each case the percent of recanbination 
has bem compared w.i th that obtained when the regions are in their 
standard positions in the chromosome complement. Since the plants 
tested were made homozygous for the rearrangements used, pairing 
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relations should have been normal. Such plants differed from normal, 
however, in t hat the regions studied did not occupy their usual 
posi tions in the chromosanes. If crossover values for a certain region 
are dependent only upon the nature of the region itself, no change in 
recombination percentages would be expected from shifting its posi ti.on 
in the chromosome complement. If the amount of crossing over within 
a region is dependent upon the position of the region with respect to 
a centromere, however, this relation should be reflected in altered 
recombination percentages under the conditions described. Since the 
genetic markers enployed in each case were classified as endospenn. 
or seedling characters, it was possible to obtain data on a large 
nunber of backcross progenies . 
In order to e:xplain terminology arxl procedures used in the course 
of studies reported here, it is most convenient to present first the 
linkage data on reciprocal translocations in chromosomas 9 and 2, in 
that sequence, followed by results of linkage studies i nvolving 
homozygous chromosome rearrangements. 
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PART IV. LINKAGE REIATIONS OF SOME TRANSIDCATIONS rn CHR01DSOME 9 
Cytological Positions of Interchange Points 
In Table 1 are listed the chromosome 9 translocations on which 
linkage data are reported in this study, together with the cytological 
determinations for each and the authority for the indicated place:nents. 
Following the procedure of Anderson (1938), the cytological position 
of an interchange point in a chromosome is recorded as a decimal 
fraction of the distance from the centroioo re to the em of the arm. 
The capital letters S and L denote the short and long arms, respectively. 
Thus, a designation 9 s. 2 indicates that a point of interchange is in 
the short arm of chromosome 9 at a position two-tenths of the distance 
fran the centromere to the end of that arm. Cytological positions 
reported by Longley have usual:cy- been i?Xiicated to the second decimal 
place, without, however, the implication that the cytological deter-
minations involve aey such degree of exactness. In general, the 
cytological placements by Longley are based upon calculations from 
three or more camera lucida drawings of what appeared to be the most 
characteristic pachytene configurations among those that were analyzed. 
Where cytological positions have been determined iooependent:cy- by 
different investigators, these positions are also indicated, along 
with the source. 
It should be cautioned that one should not accept the cytological 
positions of translocations listed in Table 1 and subsecµent tables as 
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Table 1. Cytological positions of chranosoil'.13 9 translocations used 
in linkage placements. 
Translocation Cytological Determi.na ti on Authority* 
1-9 4398-4 1L.51 9s.19 
1-9 4995-5 11. 21 9S.14 
2-9 6656-4 2L.J6 9s.32 
3-9 c JL.15 9s.20 
JL.1 91.2 Anderro n and Brink 
4-9 5657-2 4L.30 
(1940) 
9s.14 
4-9 6222-1 41.0J 9s.69 
5-9 a 51.80 9s.21 
5L.7 9s.o+ Burnham (1934a) 
5-9 4817-7 5L.07 9S.08 
5-9 5614-3 5S.25 9S.25 
6-9 4505-4 61.12 9S.16 
7-9 a 71.72 9s.oa 
7-9 b 7S.92 9s.24 
1-9 4363-1 11.09 9s.11 
1-9 7074-6 11.03 95.84 
8-9 5300-3 81.86 9s.41 
8-9 6673-6 81.30 9s.15 
* Except where otherwise indicated all cytological determinations 
listed here were made by Dr. A. E. Longley (1950, and Unpubl. ). 
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indicating too literally the actual sequence of the interchange points 
in the chromosomes themselves. For short chromosomes, especial ly, a 
distance of one-tenth of a chromosome arm ma\Y' represent a very short 
cytologioal distance in terms of the prophase chromosomes. McClintock 
(1942b), for example, has reported that the short arm of chromosane 9 
is composed of about twenty chromomeres. A distance of one-tenth of 
this arm, then, represents about two cbromomeres of the observed 
pachytene chromosome. 
Many of the translocations in chromosome 91 especially those with 
interchange points near the centromere, have been difficult to place 
cytologically because of pairi~ irregularities of the translocation 
complex. Regions near the center of the "cross" have often been 
unpaired or have paired non-homologously. For these reasons, several 
of the translocations listed in Table 1 as having interchange points 
in the short arm, were considered only tentative placanents. As 
genetic evidence presented later 'Wi. ll indicate, some of them are 
probably located in the proximal portions of the long am. 
Nomenclature of Translocations 
The capital letter T has been used as a general designation of 
translocations in maize. A specific interchange is indicated by 
numbers denoting the chromosomes involved. To differentiate trans-
locations involving the sama chromosomes, the small letters a, b, 
c, etc. are appended to serve as permanent symbols of particular 
-20-
translocations. A complete list of translocations bearing such 
permanent designations has recently b een compiled by Anderson (1952b) 
and includes all available translocations accumulated prior to the 
Bikini and Eniwetok series. Translocations herein listed by tanporary 
numerical designations (e.g., 1-9 4398-4) represent largely inter-
changes induced in mature ktrnels exposed to radiations of the first 
Bikini atomic banb, the "Able'' bomb of July 1, 1946. It is anti-
cipated that they, too, will eventually be given pennanent letter 
designations. 
Description azxi Classification of Genetic Markers Used 
The linkage data reported here involve various ch romosome 9 
translocations and some or all of the genes .£, .!.!!, , and wx. Classi-
fication for the presence or absence of a translocation was made by 
exanining pollen of each plant for the occurrence of partial sterility. 
An additional check on the accuracy of these classificati ons was 
possible in the instances where ears of the same plants could be later 
cla.ssif ied for ovule abortion. The three marker genes are all con-
cerned with endosperm characters, with the gene ~ also being classi-
fiable in pollen. 
In the presence of other necessary complementary genes, £ and ,=. 
(East an:i HCiY"es, 1911) produce rei:pectively, colored and rolorless 
aleurone (For interactions of genes known to concern aleurone pigments 
in maize, see hrson, Beadle, azxi Fraser, 193.S). Classification of 
.£ recpires that. dominant alleles of the complementary genes !1 , ! 2, ! 3 , 
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and~ be present. A stock having all the proper alleles necessary 
for the development of aleurone color except for .£ is tanned a 
"c-tester" stock. Aleurone color is developed relatively late in the 
maturing af the endosperm. In the stocks used in this study, classi-
fication for C was clear-cut. 
The gene sh1 (Hutchison, 1921) in homozygous state brings about 
a shrunken, collapsed condition of the endosperm. Classification of 
kernels for this character is usually good if they are mature. 
Ge:nnination and viability of shrunken kernels is somewhat lowered, 
especial.ls' uni er adverse growing conditions. The classification of 
wx is often more difficult in shrunken seeds. Since only !h'! was 
dealt with in these studies, the subscript is omitted in the tables 
in the interests of convenience. 
The wx allele used in these linkage studies is the one reported 
by Collins (1909). In heterozygous or homozygous condition, the~ 
allele modifies the nature of the reserve starch deposited in the 
endosperm, embryo sac, and pollen grain. r.'eatherwax (1922) first 
reported that waxy and non-waxy kernels could be distinguished by 
the iodine-staining reaction of their endosperm starch. Later, 
Demaree (1924a) and Brink and MacGillivray (1924) found that ~ !! 
plants produced red-staining and blue-staining pollen grains in 
equal numbers. 
According to the two-component theory of star ch structure 
(Meyer, 1942; Hassid, 194.3; Schoch, 1945) naturalzy-occUITing starches 
that stain blue with dilute iodine are mixtures of two types of 
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molecules, amylose and amylopectin. Structurally, these are thought 
to differ in the degree of branching of the starch chain, the latter 
being more highly branched. Endosperm starch of normal, non-wa:xy 
maize has been found to contain about 28 percent 8.ll\Ylose, t he rest 
being amylopectin. Starch of this constitution stains dark blue 
with dilute iodine solution. On the other hand 1 endosperm starch of 
waxy maize, which stains red with iodine, has been found to consist 
of 100 percent amylopectin (Sprague, Brimhall, and Hixon, 1943; 
Brimhall, Sprague and Sass, 1945). Though these same investigators 
have demonstrated a dosage effect of !! alleles on the percent of 
anylose in endospenn starch, the widespread use of dilute iodine 
solution by geneticists to aid in differentiation of non-wa.Jcy" and WSJcy" 
phenotypes is restricted in practice to classifying f or the presence 
or absence of a Wx allele. 
In the work reported here, routine classification of pollen for 
the wa.J\V character was accomplished by using a 1 percent stock 
solution of I 2 and KI in 70 percent ethanol, which was then diluted 
perhaps twenty-fold in water ilmnediate:cy- before use. The dilution 
employed can be varied considerably to satisfy particular circum-
stances and for most purposes is satisfactory over a rather wide range 
of concentrations. When, as in this work, several hundred pollen 
samples are checked daily, it is important that the staining differ-
entiation be clear arrl rapid. The speed of stai. ning may be increased 
by using more concentrated iodine solution, but usually it was found 
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more satisfactory to stain several slides of pollen at once with a 
solution of lesser strength and then examine them serially. This 
procedure also has the advantage of grouping similar manipulations 
and materially increases the speed of pollen classification. When-
ever it was desirable to subject pollen sanples to more extemed 
examination as in making pollen counts, a piece of the tassel, usually 
from the main spike, was placed in 70 percent alcohol for preservation 
until oome later time. Such sanples are conveniently labeled with 
small jewelers• tags carrying pertinent identification. It is helpful 
in later examination if the identification tag is attached to the 
tassel sample a~ a poin~ marking a region of optinn.un anther exsertion. 
For simultaneous observations on wa:>cy" segregation and degree of 
starch deposition in the pollen a special mounting medium suggested 
by Dr. Thad Pittenger was anployed. It was prepared by mixing equal 
volUDEs of glycerol, phenol,, lactic acid,, and dilute aqueous iodine 
solution. Tpj.s staining medium also has the advantage of maintaining 
the pollen grains in a normal,, undried appearance for a oonsiderable 
length of time and is particularzy useful whenever a pollen sanple is 
to be put to an extended analysis,, as in making pollen counts. 
The visual identification of stained!! and Wx pollen grains 
under the microscope is greatly facilitated if,, instead of viel1"ing 
them in transmitted light from below, one observes them in light 
reflected from a light source above the level of the stage. This is 
conveniently done by placing a piece of heavy white paper or thin 
cardboard (index cards are suitable) on the microscope stage beneath 
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the slide. This technique is routinely used by some maize investi-
gators but is apparently not lmown to many others. 
Since the genetic markers &ployed in mapping the chromosane 9 
translocations were all endosperm genes, separation for the various 
phenotypic classes was made previous to planting. In kernels not 
having colored aleurones, separations for the :!'!: gene are usually 
accurate without the necessity for staining. In doubtful cases, 
particularly in the presence of the shrunken phenotype, the endosperms 
were chipped and stained wi. th dilute iodine solution as an aid in 
classification. Kernels with colored aleurone could usually be 
classified accurately simply by chipping with a scalpel or lmife arrl 
observing the texture of the endosperm. Doubtful cases were again 
confirmed by staining. In addition, as a check upon the accuracy of 
separation, the genotype of each of the resulting plants with regard 
to the !'.! gene was determined by classification of the stained, 
mature pollen at the time of observations on pollen sterility. 
Description 2£.. Crosses 
In all cases the linkage data reported were derived from back-
crosses. All backcross progenies tabulated in Tables 2 to 10 
represent cultures which were grown as fall generations in 1950 or 
1951. In many cases there is a wide discrepancy in contrary cross-
over classes among the mature plants. Except where specifically 
indicated, however 1 under the discussion of the individual trans-
locations, no large discrepancy existed between the contrary endosperm 
-25-
classes planted. The unequal classes among the mature progeny were 
due largely to the reduced germination and lower viability of 
individua:ls of shrunken phenotype, the selection being accentuated 
sirx:e the plants were grown as fall generations under less favorable 
growing conditions. In order to reduce such discrepancies to a 
mini.mum an effort was ma.de at planting time to select for testing, 
when possible 1 from those crosses which yielded large 1 ma. ture kernels. 
In most cases, the cultures grown were those in which the less 
vigorous tester stock represented the pollen parent, and which thus 
gave information on recombination values when the various trans-
locations were fema.l&-transmitted. Wherever feasible, cultures of 
each of the translocations were planted in which F1 •s were trans-
mitted both as female and as male parents in order to permit canparison 
of recombination values in mega- and microsporogenesi s. 
~ 2£ Duplicate-deficient Gametes and Pollen Grains in Linkage 
Studies. 
Adjacent segregations of chranosomes from heterozygous trans-
loca tion complexes result in the production of spores of varying 
degrees of duplication and deficiency. Functioning of duplicate-
deficient sperm in maize is at most very rare, but in the case of some 
translocations, such aneuploid eggs may furx:ti on with high frequency. 
When it occurs, ordinarily an aneuploid type representing only one of 
the possible t\vpes of adjacent segregation is transmitted, and leads 
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to a distortion of genetic ratios in the progeny. In the absence 
of reliable methods for recognizing the aneuploid individuals in the 
progeny in most cases, maize workers in the past have usually preferred 
to transmit such translocations through the pollen in linkage studies. 
In translocations involving chromosome 9, however, such aneuploid 
gametes can be used in maey instances to yield linkage information. 
In the majority of chromosome 9 translocations which have been char-
acterized by female transmission of duplicate-deficient gametes, 
pollen containing these unbalanced complements have f onned an appreciable 
amount of starch. In the best cases such pollen grains appear partly 
filled with starch, the unfilled portion being a clearly-defined 
empty sector. Usual~ the an.ount of starch present is adequate to 
pennit classification for the waxy character. It is thus possible to 
correlate the occurrence of sectored pollen grains with the waxy 
staining reaction. 
A more complete description of the method and its uses may be 
made by reference to Figure 1. In 1', igure 1 (A) is represented dia-
grammatical~ the chromosome pairing relations observed in meiotic 
prophase in microsporocytes of a plant heterozygous for a reciprocal 
translocation involving chranosoims 6 and 9. The interchange points 
are represented as bei.ng far out in 61 and in 9S very near the centro-
mere. In (B) the break point in 61 is represented as being at the 
same location 'While the point of interchange in 9 is now represented 
as being in the long arm adjacent to the centromere. In each case 
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adjacent-1 disjunction ~ separation of homologous centranares at 
the first meiotic division (McClintock, 1945) - would produce pollen 
grains containing a 69 chromosome and a normal 9 chromosome. Those 
resulting from (A) would be dlplicated for nearly all of 95 while 
those receiving the same t'YD chromosomes from the configuration 
represented in (B) would be wplicated for nearl,y all of 91. In both 
cases such aneuploid pollen grains would lack the tip of 6L. Pre-
suming the lack of the tip of 6L were not too detrimental, some starch 
might develop in pollen grains in each case. The :i;r esence of certain 
chromosome regions in duplicate in the pollen probabl,y does not 
decrease starch deposition, since it is lmovm that pollen grains 
hyperploid for entire chromosomes appear normally-filled. Adjacent-2 
disjunction - homologous centromeres going to the same pole at tl'e 
first meiotic division (McClintock, 1945) - gives rise to pollen 
lacking at least an entire chromosome ann. It is probable that in 
most, if not all, such cases no more than a trace of starch is 
deposited. This was found to be true for both arms of chromosome 9, 
in particular. Occasionall,y aneuploid pollen grains were produced 
which appeared to be normally filled. In no case, however, was such 
an aneuploid type !own which functioned with equal frequency in 
competition with normal pollen grains. 
If from the configurations indicated in Figure 1 , it is presumed 
in each case that pollen grains receiving chromosomes 69 an:i 9 produce 
clearly-discernible amounts of starch, it may be seen that in (A) 
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such pollEn grains will have both!!'! and~ loci while in (B) only 
the ~ locus is present. The former type of pollen grain, having 
both~ and~ loci, is found to stain blue with iodine solution. 
The latter type, having only the ~ locus, stains red. These two 
situations - one in which one translocation break is just to the 
left of the centromere and the other in whic? it is just to the 
right - can here be clear:cy distinguished on the basis of the stain-
ing reaction of the partly-filled pollen. The method is especially 
useful in assigning certain tranalocations in the centromere region 
of chromosome 9 to one arm or the other. It should be noted that 
in this technique the wx allele has been carried on the normal 
chromosome 9. 
As a result of crossing over between the !.! locus and the point 
of translocation in chromosome 9, partly-filled pollen of opposite 
staining reaction may result, the percentage of Ymich may, in fact, 
be used to estimate the lVX-T distance. For translocations located 
between :!!! and the centromere, the ~-T distance is twice the 
percentage of partly-filled grains lilich are phenotypically waxy. 
This relation results from the fact that only:!!!!!: pollen grains 
are identifiable as crossovers and that in partly-filled grains the 
frequency of homozygosis for the :!!! allele is one-fourth the chiasma 
frequency. In the case of breaks in the long ann of chromosome 9, 
only one allele at the:!!! locus is present in any pollen grain and 
the percentage of partly-filled grains which dispU\Y" the alternative 
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staining reaction (}!":in the genie arrangement in Figure 1 (B)) 
represents the map distance directly, presuming the distance is short 
enough to preclude multiple crossovers. 
The actual measurement of ~-T distances by this means necessitates 
that the partly-filled grains be clear~ classifiable since ~-T cross-
overs are rare for translocations close to the centramere. In pollen 
samples which were preserved for the purpose of making such counts, 
slight alteration of the appearance of the contents of the pollen 
grains lessened the classifiability of part~-filled grains to what 
was considered too great a degree. Fresh pollen of several of the 
translocations 'Which have been studied, hov1ever, appears to satisfy 
the necessary requirements. Among these is T5-9a, which is !mown to 
be in the short ann of chromosome 9 close to the centromere (Burnham, 
1934a). The latter• s data on this interchange have been used by 
Anderson and Randolph (1945) in estimating the minimum map distance 
from w.x to the centromere. 
6 I 96 6 
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(A) Interchange point in 9S (B) Interchange point in 9L 
Figure 1 
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As mentioned previously, spores arising from adjacent-1 dis-
junction are deficient for one chromosome region and are duplicated 
for another. In :F'igure 1, spores which receive chromosomes 69 a.rd 
9 will in each case be deficient for a distal piece of 61. In the 
instance diagrammed in 1 (A), they wi 11 also be duplicated for most 
of 95, while in 1 (B) they will have most of 9L in duplicate. If 
eggs of such duplicate-deficient constitutions are functional, plants 
which arise following fertilization by sperms of nonnal chromosome 
constitution 'Will have one chromosome segment in triplicate aDi 
another represented only once. Upon being appropriately testcrossed, 
these plants give modified trisomic ratios for genes carried in the 
triplicated se~ent and a hemizygous test for genes in the non-
duplicated segment. 
The functioning of duplicate-deficient gametes is often evidenced 
by the occurrence of one or more phenotypic classes in high proportion 
in the progeey. For exanple, the functioning of chromosomes 69 and 9 
in Figure 1 (A) results in a marked excess of kernels of phenotype 
CShWx. From alternate disjunction this class would ordinarily be 
pi:"oduced only rarely as a result of crossing over in the short £-~ 
region. In studies of chromosome 9 translocations, then, plants of 
suspected aneuploid nature could be ooserved somwhat more critically 
and tested for confirmation of their genetic constitution. 
Aneuploid plants of the type just described usually produce 
partly-filled and normal pollen in approximately equal proportion, 
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this serving as the routine means of identifying them. In most cases 
duplicate-deficient pollen grains are differentiable from the slightly 
abnormal pollen grains sometimes produced by plants of normal stocks. 
A given duplicate-deficient type commonly displays a fairly constant 
pattern of starch deposition in the pollen grain that is distinct 
from the more variable, slightly abnormal pollen grains t hat occur 
occas:i onalJ\r in normal stocks and probably have their basis in causes 
otmr than chromosome unbalance. The mounting medium mentioned 
earlier has been found helpful in critical discrimination of vari ous 
degrees of pollen abortion. 
In several instances duplica ta-deficient pollen types have not 
been microscopically distinguishable from nonnal pollen grai ns. Where 
it was suspected, however, that aneuploid types were involved on the 
basis of aberrant phenotypic ratios in the kernels planted, an effort 
was made to use each of the suspected aneuploid plants as a pollen 
parent in crosses with gene tester stocks that would check t he chromo-
some transmission of the paternal parent. Because of strong selection 
against the functioning of aneuploid pollen grains in fertilization in 
maize, the greatly reduced frequency of certain phenotypic classes in 
the progeny is cons idered strong evidence of the aneuploid nature of 
the pollen parent. These crosses were made in a fall generation and, 
unfortunately, many did not mature sufficiently to be classifiable. 
The instances in which this evidence and evidence of the types described 
in the foregoing discussion were available are presented in the 
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discussion of individual translocations later in t he paper. 
The identifi cation of aneuploid plants by cytological observation 
of microsporocytes has been done in some cases, particularly with 
T7_9b. In each instance, results were in accord with expectations 
based on the other means of detection outlined. 
Previous information~ chromosome 2.• 
The following linkage map of chromosome 9 was prepared by Rhoades 
(1950): 
Dt C s~bz bp 
0 7 26 2931 44 59 71 
Figure 2. Linkage map of chromosome 9 in maize. 
The most distal knO'Wil gene in the short ann of chromosome 9 is 
Dt, which Rhoades has found to be located 7 crossover units beyond 
nv which in turn is reported to be about 19 units beyond.£ (from 
data sumnarized by Fmarson, Beadle, and Fraser, 1935). From investi-
gations of McClintock involving small terminal deficiencies of the 
short arm, n 2 is known to be in the terminal chromoIIl3re (McClintock, 
1942b), vmile .£ is within the fifth or sixth chromamere from the end 
(McClintock, 1910). The locus of s!?:, is just to the right of .£, ani 
?.! is at approxima. tely the middle of the short arm (McClintock, 1941 ) • 
The locus of ~ has bem indicated as two units to the rl.ght of s!:, 
(Rhoades, 1950). On the basis of limited data cited in :Emerson, 
Beadle, and Fraser ( 193 5) , ££ is placed midwey between .!!.1 and lfX. 
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The gene ! 1 is believed to be in the proximal part of the long arm 
(Beadle, 1932; Burnham, 1934b). Its map position is listed as 12 
uni ts from wx. 
Data of Burnham ( 1934a) placed T 5-9a in the short ann between 
~ and the centromere and indicated about t'V() percent recombine. tion 
with wx. Data of Anderson (1938) on several translocations in the 
long arm of chrOmosome 9 indicate that the centranere is probably 
not much more than two units from wx. 
The long arm of too chromosome is notable for its scarcity of 
known genes. It has been suggested by Anderson (1938) and by Rhoades 
(1945) that this region~ include redundant chranatin represented 
elsewhere in the chromosome complement. Recent data of Rhoades (1951) 
on duplicate loci lends support to this hypothesis. 
The linkage information thus far accumulated on chromosome 9 
indicates quite unequal frequencies of crossing over in different 
regions, w.1.th a very large amount of crossing over in the terminal 
portions of the short arm as compared vn th the proximal half. The w.x 
gene, which McClintock has placed at approxima. tely the half-way point 
in the chromooome, appears to be only a few map units from the centro-
mere, while data of Mcclintock (1943) indicate that as much as ten 
percent crossing over may occur in half of a chromomere at the tip 
of the arm. Thus, if n 2 is located in the proximal portion of the 
tenninal chromomere, the location of ~ seven map units beyond it is 
not necessarily inconsistent. 
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The proximal one-third of the short arm consists of heavy 
chromomeres (McClintock, 1942b). When interchanges occur in this 
region and the distal fragment becomes attached to a lightly-staining 
region elsewhere in the complement, the point of breakage IIUcy' some-
times be placed quite accurately by observing pachytene preparations 
of the homozygous interchange. 
Linkage~ 
Backcross linkage data of the chromosome 9 translocations studied 
are presented in Tables 2 to 1 o. In each table, the parental F1 geno-
type is indicated in the heading. Since in genetic studies a trans-
location may be treated as a ck>minant gene for partial pollen and ovule 
abortion, the presence of a translocation is indicated in the linkage 
tables by a large T. The absence of the translocation (presence of the 
chromosomes in their standard arrangement) is indicated by the symbol +. 
The distribution of the progeey is tabulated according to the system 
used by Emer&::>n, Beadle, and Fraser (1935). The following example will 






c 'WX + C Wx T 
c Wx T 
c wx + 
Recombinations 
Region 2 Regions 1 and 2 
c Wx + CwxT cwxT CWx+ 
-J.5-
In the column headed Culture Numbers are grouped the family 
designations under which progeny of individual pollinati ons were 
grown, together with a notation of whether the F1 was used as the 
0 
female ( + ) or male (cl' ) parent in the final backcross. From some 
F1 backcrosses, kernels mainly of parental endospenn phenotypes were 
grown in the fall of 1950 in order to secure specific crossover types 
to be used in other studies. In those cases 'Where the remainder of 
the progeny from such crosses were grown in the fall of 1951, the 
data have been combined and the totals entered in the tables. In 
the instances where only a portion of the progeny from a given poll-
ination were grown, the data are treated separately. Since the 
partial progenies grown represented mainly parental combinati ons for 
the £-~region and may thus represent a selected popuJation with a 
low interference value for thi s region, the probability of crossing 
over in adjoining regions may be somewhat greater than the average 
value for the total progeny. 
In some instances, the position of a translocation is not evident 
from information presented in a single table. Where its sequence is 
indicated, however, that information was derived from the combined 
data or from oome other source. The nature of the information avail-
able in each case is indicated under the discussion of the individual 
translocations. 
Where numbers af individuals in reciprocal classes are markedly 
unequal, the disparity is usually due mainly to reduced viability of 
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plants of shrunken phenotype. Whenever aneuploid individuals occurred 
and could be identified they are included in the tables in their 
appropriate phenotypic classes. They are designated by circled 
nwnbers and are not included in the linkage calculations. In some 
progenies t here occUITed plants with slightzy abnonnal pollen that 
were probabzy not aneuploid types. These individuals are enclosed 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 8. Backcross progenies from c \'be T 
c 1'X + 
Trans- Culture Parental Recombina. ti ons % recombination 
location Numbers Combi- Region Region Total C-wx wx-T 
nations 1 2 
4-9 5813 i 69 52 10 4 135 10.4 (O.O) 
5657-2 
5814 i 56 35 3 13 107 15.o (O.O) 
125 87 13 17 
212 30 242 12.4 (O.O) 
5-9 5839 i 33 31 11 9 2 1 
4817-7 64 20 3 87 2,3.0 3.4 
5-9 5821 rJ' 45 76 22 34 2 3 
5614-3 121 56 5 182 30.8 2. 7 
6-9 5841 " 78 73 41 19 4 2 4505-4 151 60 6 217 27.6 2.8 
8-9 5830 " 71 68 11 15 1 4 6673-6 139 26 5 170 15.J 2.9 
Table 9. Backcross progenies from C Wx T 
c 1'X + 
Trans- Culture Parental Recombinations % recombination 
location Numbers Com bi- Reg. Reg. Regs. Total C-wx w.x:-T 
nations 1 2 1,2 
3-9c 5834 ~ 42 21 3 0 1 0 
63 3 1 67 4.5 1.5 
Table 10. Backcross progenies from c T Wx 
c + wx 
Trans- Culture Parental Recombinations % recombination 
location Numbers Combi- Reg. Reg. Regs. Total C-T T-wx 
nations 1 2 1,2 -
7-9 5823 i 68 10 10 1 0 2 0 1 92 13.0 3.3 
4363-1 
5824 i 28 11 0 3 42 7.1 (O.O) 
96 21 10 4 0 2 0 1 11.2 2.2 
117 14 2 1 134 
-43-
Summary of Information on Individual Translocations 
T 1-9 
4398-4 
In addition to the data of Table 2 1 a backcross partial progen;y 
of chiefly parental mdosperm. phenotypes gave 1 crossover in 90 





£ 6.6 ,!!!. 15.3 !! 2.4 T 
wx 1.1 T 
-
The genes £ and ?! are linked in the homozygous transloca tion, 
confirming that the interchange point is to the right of ?!• There 
are no clear partly-filled pollen grains and probably no functioning 
duplicate-deficient gametes. 
T 1- 9499_5-5 
The data of Table 2, together 'With ~-T data .from partial pro-





£ 6.0 ~ 16.1 :!!?.!: 4.4 T 
wx 5.0 T 
The data of Table 2 show a higher frequency of multi~le cross-
av ers than expected and suggest that some individuals m~ have been 
misclassified. However, all !!~T values are fairly uniform. 
The position of the translocation to the right of ~is confirmed 
by the linkage of.£ and ~ in the homozygous translocation. There 
are no clear partly-filled pollen gr ains and no evidence of f uncti oning 
of duplicate-deficient gametes. 
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T 2-96656-4 






.£ 2. 2 ~ 1O.9 ~ 1 • 1 T 
~ 2.5 T 
The translocati on is to the right of !!i as 1 s confirmed by 
£-::!!! l.inkage in the homozygous translocation. 
T 3-9 c 
This translocation, lllhich appeared in material X-rayed by 
Anderson in 1935, has previously been studied by Anderson (1938) atxi 
Anderson and Brink (1940). Data from Tables 3 and 9, together with 
linkage data of Amerson (1938), are as follows: 
Anderson ( 193 8) 328 plants :!!.! 7.6 T 
Table 3 96 pl.ants .£ 4. 2 sh 16. 7 !! 1.0 T 
Table 9 67 plants .£ 4. 5 ~ 1.5 T 
Canbined data, 
Tables 3 and 9 163 plants wx 1.2 T 
The reasons are not known for the erratic linkage results 
obtained with this transloc~tion. Data from Tables 3 and 9 indicate 
markedly different recombination values for the C-wx region, while 
--
all !!!-T values were uniformly lower than those obtained by Anderson 
( 1938). The results do not seem explainable on the basis of mis-
classifications. The linkage data from both Tables 3 and 9 were 
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derived from female transmission. In view of Burnham' s (1950, 1951) 
findings that plants heterozygous for T 5-9a give much higher 
recombination values when used as male than lvhen used as fEmale 
parents, it would be of interest to make a similar comparison with 
this translocation. 
Linkage of.£ and!! in the homozygous translocation confirms the 
placement of the translocation breakpoint to the right of wx. 
T 4-95657-2 






£ 12.4 ~ O.O T 
:!!! 4.0 T 
From partial progenies involving 201 plants, 8 crossovers were 
obtained. The indicated order was wx-T. 
-
It should be re-emphasized 
that data from the partial progenies are not strictl,y comparable with 
those in the tables. Linkage of ~ an:i ?! in the homozygous trans-
location places the interchange point to the right af 5 in agreement 
with the evidence f~m the partial progenies. The translocation gives 
no clearcut partly-filled grains and probabl,y no duplicate-deficient 
gametes function. 
T 4-96222-1 
Data from Table 5 are as follows: 
Table 5 368 plants £ 3.3 T O.J !!:_ 6.3 w.x: 
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Pollen of plants heterozygous for this translocation appears 
about twenty-five percent sterile. About two-thirds of the grains 
are non-wa.JC;.r in phenotype in a cross of the type indicated in Table 5. 
Otherwise, it has not proven possible to distinguish any differences 
in the appearance of the normal grains . As is evident from Table 5, 
progeey of the phenotype c + Sh Wx appear in high frequency. Since 
these individuals would otherwise have to arise by double crossing 
over w.1. thin the very short £-sh region, it is clear that they are 
aneuploid types, lacing the tip of 95 (including the £ locus). 
McClintock (1941 ) has reported that terminal deficiencies up to and 
including on&-third of the short arm of chromosome 9 may be trans-
mitted through the female gamete. She also reported. the locus of £ 
to be approximately one-fourth of the distance in from the end of 
the arm. Though pollen lacking more than the terminal chromomere of 
the short ann of chromosome 9 is non-functional, pollen grains lacking 
up to one-third of the arm are not visib~ abnormal (McClintock, 1942). 
The behavior of the duplicate-deficient gametes and the appearance of 
the pollen grains produced from this translocation are in complete 
agreement with her findings. 
The presumed aneuploid individuals are indicated as circled 
numbers in Table 5. Those that were test-crossed as pollen parents 
and yielded classifiable progeny gave very unbalanced phenotypic 
classes of the types expected from their presumed aneuploid nature. 
On the basis of the several kinds of evidence mentioned, all the plants 
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lfhich appeared to represent crossovers in regions 1 1 2 or in regions 
1,2,3 are considered to have resulted from the functioning of 
duplicate-deficient eggs. The three plants which appeared to represent 
triple crossovers probably arose in each case from the functioning of 
a duplicate-deficient egg with a crossover in the~-!! region. 
The intercha~e point is probab.cy- somewhat closer to the !,!! locus 
than to C. Of the eleven individuals phenotypically C Sh Wx, ten 
were crossovers between.£ and T, the remaining one being in the T-!,!! 
interval. The tvo plants in the reciprocal c sh m: class both had 
normal pollen. Tests for male transmission from these plants did not 
yield classifiable kernels. They may, thus, have represented either 
crossovers between £ and T or aneuploid types which crossed over 
between T and sh. 
-
Considering the form.er to be true for purposes of 
calculations, the linkage relations on the basis of these data become 
.£ 3.3 T 0.3 sh 
This translocation has been placed cytologically at L.01 in 
chromosome 4. Though the test has not yet been made, close linkage 
of E and~ in the homozygous translocation would provide clear 
confirmation that the interchange point is actually in the long arm 
of chromosome 4. 
T 5-9a 
Results of Burnham (19J4a) indicate this translocation is in the 
proximal part of the short arm of chromosome 9. His data indicated 
the linkage order !!?-WX-T with less than one percent crossing over 
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between wx and T. He also reported much non-homologous pairing 
and reduction of crossing over in the heterozygous translocation. 
The data of Table 4 are in close agreement with his placement: 
Table 4 431 plants .£ 1.4 sh 9.3 :!!! 0.5 T 
The position of this interchange to the right of :!!! is confirmed 
by the linkage of£ and~ in the homozygous translocation. 
Unpublished results of Burnham (1950, 1951) indicate that plants 
heterozygous for this translocation show a DDJ.ch higher recombination 
value for the ~-!!! region when used as the male parent than when 
used as the female parent. Data in Table 4 are all from female-
transmission so information bearing upon this relation is not 
available here. 
Data from male-transmission are found in Table 2 and from femal.e-







£ 3.0 ~ 20.2 !! 3.0 T 
£ 23.0 ~ 3.4 T 
.£ 23. 2 ~ 3. 2 T 
Linkage values from the two sources agree closely in indicating 
the interchange point in chromosome 9 to be to the right of ~ 
T 5-95614-3 
Linkage values from reciprocal crosses of this translocation 
suggest that crossover values may be so~llha t higher when the inter-
change is male-transmitted. The numbers involved are, however, not 
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large. Data from Tables 2 and 8 (female and male transmission, 







.£ 1.h ,!!! 17.8 ~ (0) T 
.£ JO. 8 :!!! 2. 7 T 
.£ 27. 5 :!!.! 2.0 T 
Pollen observations have indicated that most of the partially 
filled grains produced are of waxy staining reaction. Of 682 part:cy--
filled grains counted from one semi-sterile plant only 6 stained non-
waxy. The interchange point thus appears to be in 9L close to the 
centromere. 
T 6-94505-4 






.£ J0.6 :!!! 8. 7 T 
.£ 27 .6 :!!! 2.8 T 
Clearly-classifiable partially filled pollen grains are produced 
which give the vra:ry staining reaction in nearly all cases. Counts of 
several hundred such pollen grains yielded fewer than one percent 
staining non-wa.Jcy". The interchange point thus appears to be in the 
proximal part of 91. These relations are in agreement with the 
linkages shown in Table 8, which represent data from male transmission 
of the translocation. 
The data ot Table 7, which also involve the a dditional gene, ,!, 
are from f ema.le-tranamission. The considerably higher ~-T crossover 
value calculated from this cross is due partly to the occurrence of 
more single crossovers in this region and partly to the classification 
of a fevr plants as representing certain rather unexpected multiple 
crossovers. Certain of these latter categories suggest strongly that 
misclassifications were made. The possibility of differential rates 
of crossing over in megasporogenesis and microsporogenesis is not 
ruled out , however. 
Pollen observations of plants heterozygous for this translocation 
indicate that the functioning of duplicate-deficient gametes in crosses 
of the type tabulated in Table 7 would probably give rise chiefly to 
kernels 01' colorea., ~ phenotype. There is no evidence of an excess 
of this phenotypi c class in the progeny. Ne:I.. ther were any aneuploid 
plants giving clearly partly-filled poll.en recognized. It appears, 
then, that in this particular cross cb.plicate-deficient gametes were 
not functional.. This does not preclude the possibility, however, that 
with this translocation and others reported, such unbalanced gametes 
may f umtion under proper enviromnental comitions. 
On the basis of infomation in Table 7, the translocation appears 
to be somewhat more closely linked to ,!, in chromosome 6, than to wx. 
Similar results were obtained in another test when plants representing 
reciprocal crossover classes between ~ and! were grown am classified 
for pollen sterility. Of thirty-four plants tested, thirty were of 
the types expected from crossing over between wx and T. They have not 
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been tested individually for confirmation, however. 
This translocation may be of particular value in giving information 
on the cytological position of the ! locus in chromosane 6. If the 
above conclusions are correct, linkage of ~ and ! in the homozygous 
translocation nil indicate that the Y locus in 6L is distal to the 
point of interchange. Absence of linkage lrl.11 indicate that ! is 
proximal to the interchange point. 
T 7-9 a 
A total of 575 plants were gro-wn in backcross tests measuring 
:!!!-T linkage. Two crossovers were obtained giving a ~T value of 0.3 
percent. 'l.'he linkage order is not known. 
T 7-9 b 
This translocation is very close~ linked to ~· Several hundred 
plants have been grown by Dr. Anderson, K. L. Retherford, and by the 
writer in the course of linkage studies. The single crossover obtained 
was recovered by Retherford from a plant population of unknown size. 
The ~-T distance is thus probably less than one percent. Table 1 
indicates cytological positions of 75.92 and 9s. 24 for this intercha~e. 
The partly-filled pollen produced stains non-waJcy", with very few 
exceptions, indicating the translocation break is between wx and the 
centranere in chromosane 9 (in all cases where reference is made to 
the staining reaction of the partly-filled pollen, it is presumed that 
the wx allele is carried on the normal dlromosome 9) . 
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Duplicate-deficient eggs function with frequencies ranging up to 
complete transmission, based on excess kernels in certain phenotypic 
classes. Several resulting aneuploid plants have been examined 
cytologically by Dr. Longley and found to have resulted from the 
functioning of eggs containing chromosomes 19 and 9. Such gametes 
are duplicated for most of the short arm of 9 and deficient for the 
tip of the mort arm of chromosome 7. 
The data of Table 10 indicate a linkage order of .£-T-:!!!: 
Table 10 1J4 plants C 11 • 2 T 2. 2 wx 
Staining reactions of the partially filled pollen are consistent 
with this order. 
T 7- 97074-6 
Linkage data are available from Table 6: 
Table 6 179 plants T o.6 .£ 1.1 sh 14.o ~ 
The linkage of ~ an:i _!.! in the homozygous interchange confirms 
the placanent of t he interchange point distal to C. Only one cross-
over between T and .£ was obtained, its genotypic constitution being 
verified in a subsequent progeny test. 
Duplicate-deficient eggs functioned with high freq.iency and gave 
rise to plants of the expected phenotype. Pollen from such plants is 
all of normal appearance. Most of the aneuploid plants are thus 
tabulated in the column headed Region 1 Recombinations. Those entered 
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as being phenotypically recombinants for regions 1 and 3 presumably 
represent duplicate-deficient types with associated crossing over in 
region 3. 
McClintock (1943) states that .Q is located within the fifth or 
sixth chromomere from the end of the short arm of chromosome 9. The 
position of t his translocation, then, is at some point within tl:e 
tenni nal ffm chromomeres. This agrees closely with t he cytological 
determination. Observation of pachytene figures of the homozygous 
translocation confirms the position of the other interchange point 
in the proximal part of the long ann of chromosome 7. 
T 8-95300-3 
No ~T crossovers have yet been ootained. 'J.'he linkage data 





.£ 3.3 !!! 10.0 ~ (0) T 
~ (0) T 
Partly-filled pollen grains produced by plants heterozygous 
for this interchange are nearly all of non-i'ra.Jcy' staining reaction. 
Of 336 partially-filled grains counted in one sanple, none was waxy. 
Several other slides of pollen which were scanned showed considerably 
less than one percent waxy. 
The interchange point in chromos.:>me 9 is therefore appa.rentJ.y 
between wx and t he centromere. 
Two plants of Famizy 5828 were classified as aneuploid. Both 
were of the phenotypic class expected if eggs deficient for the outer 
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portion of BL and duplicated for most of 95 had functioned. 
T 8-96673-6 
Infonnation bearing on the position of this translocation is 
available from Table 1 and from partial progenies: 
Table 8 170 plants .£ 15 .3 :!!.! 2. 9 T 
Additional 1 87 plants :!!! 2. 7 T 
That the translocation is to the right of !! is confirmed by 
linkage of £ and~ in the homozygous trans location. 
The linkage relations of the various translocations just discussed 
are summarized in Table 11. The translocations are listed roughly in 
the order of their position from left to right in the chromosome on 
the basis of their genetical placanent. In most instances recombination 
values are also indicated for neighboring chromosome regions to indicate 
the degree of influence exerted by a translocation on linkage relations 
of adjoining genes. Recombination values in parentheses are based on 
totals 'Which include the data from partial progenies. In no case did 
the inclusion of these data appear to distort the linkage values 
appreciabzy. In the next to last column is indicated t he probable 
position of oome of the translocations with respect to the short arm 
or long arm of the chromosome. In some cases, the arm is obvious from 
the position of the interchange point to the left of_!!; in the other 
instances notes, the evidence is derived from the staining reaction of 
the partly-filled pollen produced by the heterozygous intercha~e. In 
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Table 11 • Summary table of linkage information on chromosane 9 
translocations. 
Trans-
loca ti on Linkage Rel.a tions * 
7-9 7074-6 T o.6 .£ 1.1 sh 14.o ~ 
4-9 6222-1 .£ 3.3 T 0.3 sh 6.3 ~ 







8-9 5300-3 .£ 3.3 sh 10.0 :!!?E O.O(O.O)T 210(284) 
7-9 b 
7-9 a 
wx ( 1.0T 
!! 0.3 T or T 0.3 !_! 
> 200 
575 
4-9 5657-2 .£ 12.4 !! 0.0(1.8) T 242(443) 
5-9 a .£ 1.4 sh 9.3 ~ o.5 T 431 
2-9 6656-4 .£ 2.2 sh 10.0_2!X 1.1(1.9)T 92(210) 
3-9 c c 




wx 2.0 T 
163 
255 
1-9 4398-4 .£ 6.6!!!15.3 :!!: 2.4(2.1)T 287(377) 
6-9 4505-4 C 27.6 wx 2.8 T 217 
8-9 6673-6 .£ 
5-9 4817-7 .£ 
15.3 
23. 2 
~ 2.9( 2. 8)T 170(357) 
~ 3. 2 T 285 




























* Linkage values in parentheses are based on the number of plants 
indicated in parentheses. 
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addition to those noted, T 5-9a is also in the ~ort ann on the basis 
of Burnham's (1934a) evidence. In the cultures reported here, the~ 
allele was carried on the normal 9 chromosome. To differentiate be-
tweei a position in the short arm or in the long arm, it would be 
necessary under these circumstances to be able to distinguish partly-
filled pollen grains of ~ ~ and Wx oon.sti tutions by their staining 
reactions. This was not at tempted. 
Discussion 
The results of the linkage studies jus t presented have been in 
close agreement with previous information on linkage relations in 
chromosome 9. One translocation (T 7-97074-6) was shown to have its 
interchange point in chranosome 9 distal to the locus of £• Cytological 
placEment of this translocation at 95.84 is in good agreement with 
McClintock 1s (1941) statement that C is in the fifth or sixth chromomere 
from the end of t he short arm. A second translocation (T 4-9 6222_1) lVRS 
shown to be between£ and!!!:,. In each case, female gametes deficient 
for the region beyond the interchange point in the short arm of chromo-
some 9 were functional. Pollen grains of like duplicate-deficient 
constitution were of normal appearance in each case. Theee results 
conform with previous observations of McClintock, cited earlier. 
Except for T 7-94363_1, which was found to be between .2 and !!i the 
remainder of the translocations were placed to the right of ~· Those 
which gave clearly-classifiable partly-filled pollen could be assigned 
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to either the short or long arm. Tran sloe at ions with interchange 
points near the centromere of chromosome 9 have given somewhat variable 
amounts of crossing over. Several of them have been reported to show 
much asynapsis and nonhomologous pairing. Of the translocations listed 
in Table 11, two are designated as being located in the long ann. Each 
gave about two percent crossing over with wx, conforming with t he 
statement of Anderson and Randolph (1945) that the centromere is 
probably not far beyond a minimum of two crossover units from wx. 
Since McClintock ( 1941 ) found !! to be located at about the middle of 
the short arm, it is obvious that chiasma frequencies are greatly 
r educed in the pro:x:i.Jnal half of the arm. 
Evidence presented by Rhoades (1951) suggests strongly that the 
long arm of chranosome 9 contains regions duplicated elsewhere in the 
chromosome complement. The entire ann cannot be considered redundant 
chromatin, however, since the presence of at least some portions of the 
long arm are known to be essential for normal gam.etophyte development. 
Adjacent segregations from some translocations involving chromosome 9 
have resulted in spores lacking various amounts of the tenninal 
portions of the long ann of 9. Gametophytes lacking these segments 
have usually been abortive. 
Several translocations with interchange points near the centromere 
of chrcmosome 9 have shown much asynapsis and non-homologous pairing. 
This behavior may be related to duplications or rearrangements of 
chroma.tin in this region of the chromosome. 
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The wa:>cy"-staining reaction has been found valuable in assigning 
certain chromosome 9 translocations to one arm or the other. It is 
probable that with improvements in techniques and ex:perience in 
classification of various abortive pollen types, many more of the 
chromosom 9 translocati.ons could be assigned. in this manner with a 
fair degree of assurance. 
The appearance of the aborted pollen grains produced by plants 
heterozygous for translocations varies considerably in different 
instances both in degree of starch deposition and in size of the pollen 
grains. If this appem-ance is largely an effect of the region missing 
and is relatively less affected by the region duplicated, a character-
ization of pollen types might prove useful as a check on cytological 
placements. Translocation S-9a, for exanple 1 gives partzy-filled 
grains which are uniformly about one-third filled and which are 
considerably smaller than the normal grains. This is apparently an 
expression of the lack of the distal one-fifth of the long ann of 
chromosome 5. Other transloca tions in the long arm of chromosome S 
give pollen grains filled to a greater or lesser degree than cbes 
T 5-9a. In several translocations examined, the degree of starch 
deposition appeared to be roughly correlated with the extent of the 
deficiency indicated by the cytological placanent. A similar effect 
of deficiencies is noted for the fhort arm of chromosome 9. Pollen 
grains lacking up to about one-third of the distal part of the ann 
appear normal. Lacking more than that, they appear progressively less 
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filled. Those that lack most of the arm have only a trace of starch. 
The appearance of the pollen grains thus may give inf'ormation on the 
position on an interchange point in the short arm of chromosome 9. 
A correlation of pollen types ani interchange points v.ould undoubtedly 
prove helpful in other chromosome regions , as well. 
-60-
PART V. LINKAGE RELATIONS OF SOME TRANSLOCATIONS IN 
CHROMOSOME 2 
Previous information on chromosome 2 
The following map of chromosan.e 2 (Figure 3) is based on a 
linkage map prepared by Rhoades (1950): 
B s~ 
0 11 30 49 56 68 74 BJ 
Figure 3. Linkage map of chromooome 2 in maize. 
The most distal k:nOft"Il locus in the shar t arm is ws3• I ts map 
position is 11 units beyond .!i,, which has been reported by McClintock 
(1931) to be within the very short region consisting of the terminal 
four chromomeres of the short arm. The very high chiasma frequency 
in the distal few chromomeres is thus seen to resemble t he behavior 
of the tip of the short arm of chromosane 9, mentioned earlier. Peri-
centric inversion 2b is proximal to and gives 17 percent crossing over 
with~ (Morgan, 1950). Since the inversion break in the short arm is 
at approximately the half-way point, _!! is placed in the distal half of 
the short ann. The centromere is somewhere in the region between ts~ 
and !4' probably somellhat closer to ts~ (AnderS'.>n and Randolph, 1945). 
Translocation 2-9b, which has been placed cytologically at 25.1, is 
approximtely 5 units to the right of ts1• Linkage relations in t he 
homozygous transJ.ocation confirmed the position o! the break in the 




in the long arm near the centromere, is to the left of !4 and gave 
7 .3 percent crossing over with that gene. Inversion 2b, placed 
cytologically at 2L.15 1 was found to be 5.5 units proxl..mal to .!4 
(Morgan, 1950). Thus, the centromere is at least 5 units to the light 
of !!1 and 7 or more units to the left of !.4• The only other moderately 
satisfactory gene known to be in the long arm is ~' which is located 
45 units from "!.4• 
Studies by Morgan (1950) clearly illustrate the disproportionately 
large amount of crossing over in the distal half of the short arm. 
The genetic length of the entire arm is about 79 uni ts, yet a minimum 
of 66 units in the distal half is indicated by his data. The fact that 
~-.!4 recombination was not significantly reduced in plants hetero-
zygous for inversion 2b was also taken to indicate that recombination 
is low in regions adjacent to the centromere in chromosome 2. 
Descriptions~ classification of marker genes~ 
Linkage relations were determined in crosses involving various 
cooibina.tions of the genes ~, ~2, ,!!, sk1 , am !4• Leaves of 
plants homozygous for the ~1 allele (Bnerson, 1912a, 1912b) usually 
lack the ligule and auricles and stand upright at the base. Classi-
fication was made at the seedling stage am checked in mature plants. 
Leaves of plants homozygous for _i!2 (Hayes and Brewbaker, 1928) have 
characteristic glossy surfaces. Classification of young seedling 
leaves is excellent, w.i. th classification becaning more difficult as 
the plants develop. Separation of mature plants for this character is 
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not reliable. Classification of seedlings is easily made by spraying 
the leaves with a fine water mist. Water adheres in large droplets 
to the leaf surf aces of glossy seedlings, whereas on nonnal leaves it 
fonns small beads, 'Which easily roll off. The gene~ (Emerson, 1921) 
influences plant coloration. As used in these studies it differ-
entiated purple and sunred plants from those l"hich were of dilute 
coloration or were green. It was classified as a mature plant 
character (See Emerson, Beadle, and Fraser, 1935, for plant color 
interactions). Plants homozygous for the~ allele (Jones, 1925) 
have abortive pistils. Since sillcs do not develop, the plants are 
female-sterile. Classification must be made in the mature plant stage. 
Seedli~s homozygous for the ! 4 allele (Demerec, 1924b) are a pale 
yellowish-green. As they mature they turn green slowly and at later 
stages oarnot be distinguished from normal green plants. Classification 
of the virescent seedlings is good in the greenhouse but may be un-
certain when they are field-grown. 
In linkage tests involving these genes, separations for l~, ~2, 
and !4, were made in the greenhouse in the seedling stage, and the 
seedlings then transplanted to the field. Plants were classified at 
maturity for s~ and!, and for pollen sterility due to the trans-
location. 
Cirt?logical positions of chranooone _g trans locations used 
The translocations selected for genetic placanent in chromosome 
2 were restricted to those "Which were reported on the basis of 
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cytological determinations to have one interchange point in either 
the short arm or near the centromere. 'l'he translocations studied, 
together with their cytological detenninations, are listed in Table 12. 
Linkage data 
The linkage data in the tables are all fran backcrosses, with the 
exception of some progenies which were F2•s far the !4 gene. In the 
latter progenies, recanbination with !J+ was calculated with the pheno-
typically virescent plants, and the resulting linkage values were 
enclosed in parentheses. In some instances backcross and F 2 data with 
!4 were combined. In each case this combined value was also enclosed 
in parentheses in the tables and in the summaries. 
Since the ~ gene was followed in most of these backcrosses, it 
was necessa:xy that the F1 be used as the female parent. For this 
reas:>n, comparable data on linkage relations from male and female 
transmission of the translocations are not available. 
The linkage relations of ~1 , ,i!2, !, ~, and~ in the normal 
chromosome 2 were masured in the crosses tabulated in Table 13. The 
reailting recombination values (based on 413 plants) were as follows: 
£1 15.7 .s!2 18.2 ! 10.6 ak1 28.J .!!... 
The map distal ces far tl'e corresponding intervals on the linkage map 
shown earlier are as follows: 
~ 19 ,S!2 19 B 7 sk1 27 .!J... 
The linkage data from crosses involving various chranosome 2 trana-
locations are presented in Tables 14-22. 'fhe recombination values 
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Table 12. Cytological positions of chromosome 2 translocations used 
in linkage placements. 
Translocation Cytological Detennination Authority * 
1-2 4937-8 11.07 28.11 
1-2 5255-8 1s. 21 28.25 
2-3 c 25.51 3s.66 
25.6 35.8 Anderson and Brink (1940) 
2-3 e 25.90+ 31.34 
( 2-Ja) 2S.9 .)1.6 Burnham & Cartledge (19.39) 
2-3 5.304-3 25.67 JL.39 
2-3 6862-6 28.34 31.16 
2-5 e 2s.12 5s. 23 
2-5 g 2S. 79 5S. 28 
2°'5 4741-4 28.30 51.26 
2-7 6372-2 28.13 71.19 
2-8 c 25.17 as.13 
2-8 5483-4 2S.35 8S.6o 
2-9 a 28.48 91.85 
25.7 91.6+ Anderson (1938) 
2-10 5561-3 2s.22 1os.1 2 
* F.xcept where otherw.i.se indicated all cytological detennina.tions 
li.Bted here "Were made by Dr. A. E. Longley (1950,, and Unpubl.). 
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obtained for the various regions are indicated in the discussion of 
the individual translocations. Where reciprocal crossover classes 
in the tables are unequal, reduced viabili 'Gr of certain of the 
recessive phenotypes was often responsible. In some cultures virescents, 
in particular, did not survive as well as green seedlings. Extreme 
inecpalities of certain contrary classes were usually due to the 
functioning of duplicate-deficient eggs. In still other cases, results 
were obtained which suggested trisomic plants ~ have arisen by 3 :1 
disjunction from the translocation complex. These alternative possi-
bilities are discussed later in the descriptions of the individual 
translocations. In order that the gametic types might be written more 
easi'.cy" in the linkage tables, the subscripts of the genes have been 
omitted. 
Summazy of Information on Individual Translocations 
T 1- 24937-8 





Combined data 190 plants 
,S!2 26.3 ~ 11 • 6 s!, 14. 7 T 7. 4 !q 
~2 26.J ~ 6.3 B!, 14. 7 T (3. 4) ~ 
,S!2 26.3 ~ 8.9 ~1 14. 7 T (6.5) !q 
The combined T-!4, value is based on 124 plants (95 in Table 17 
and 29 in Table 18). Two plants in Table 17 that were classified as 
quadruple crossovers may represent misclassificati ons, though it seens 
unlike~. Another possibility is that they were trisomics that arose 
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from an egg produced by 3 :1 disjunction and had all gene loci hetero-
zygous. 'l'his would account for the dominant phenotype for all the 
genes, though such plants shoulrl have shown a considerable amount of 
sterility. 





Combined Data 183 plants 
i!2 20.7 ~ 7.6 sk1 7.6 T (3.7) ! 4 
~2 19. 8 ~ 18. 7 ~ 11 • 0 T 
~2 20.2 ~ 13.1 s~ 9.3 T 
There was one T-~ crossover in 27 virescent plants of Table 18. 
Since this one plant was not silkless, the placement of 'J.' to the left 
of ! 4 is more likely. This position is also supported by the low 
s!:,-T value. 
T 2-3 c 
Data are available from Table 21 : 
Table 21 199 plants ~2 12.1,!!2.0 T 4.0 a~ 
Three plants were classified as double crossovers between~ and 
s~. It seems likely that they were misclassifications for sterility 
since double crossovers in this region are very improbable, particular~ 
with the translocation present. Transferring these three plants to 
the non-crossover class gives the linkage values ~ o.5 T 2.5 .!!, • 
This translocation was identified by Anderoon (1935) a.ni later 
studied by Anderoon and Brink (1940). Data of Anderoon (1947) 
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indicated the follOwing order and linkage values: ~ 0.5 T 4.9 ~. 
T 2-Je 
This translocation, 'Which has been carried in the writer's stocks 
under the designation 2-3e, is probably the same translocation used by 
Burnham under the designation 2- Ja. Burnham and Cartledge (1939) 
reported the latter translocation to be less than one map unit from 
~1 and cytologically at 25.9. The infonnation on 2-3e below agrees 
closely wi. th thair data: 
Table 15 280 plants T o.4 ~ 3. 6 ,&!2 7.1 _!! 12.5 s~ 
The interchange point in chromosome 2 of the tranalocation reported 
here was m thin the terminal few chromomeres of the short ann. McClintook 
(1931), through the use of tenn.inal deficiencies, placed the locus of 
.!11 somewhere within the tenninal four chromomeres. 
Three plants in Family 4367 were classified. as being duplicate-
deficient on the basis of t he segregation of the pollen for normal and 
partly-filled grains. All were in the phenotypic class expected from 
the functioning of an egg lacld.ng the tip of 2S beyond the locus of 
~ and duplicated f or the outer portion of 31. 
T 2-J5304-3 
Table 16 gives the following linkage information: 
Table 16 109 plants ~ 7.3 .s.!2 2. 8 T 4.6 ~ 40.4 !4 
T 2-36862-6 
Data are available from Table 14: 
Table 14 69 plants 
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~ 21.7_s,!2 20.3~2.9~ 8.7T 
T 2-.5e 
This translocation is near !4• The data from Table 18 are as 
follows: 
Table 18 199 pl.ante ,g±2 24.6 ! 13.1 sk1 15.1 T (0) .!4 
Unpublished data of Dr • .c... G. Anderoon indicate that the trans-
location is to the left of ! 4• In the data of Table 18, there were 
no crossovers with the tranalocation among the 45 virescent plants. 
T 2-.5g 
Information in Table 20 indicates the translocation is between 
~2 and~: 
Table a> 146 plants .!&, 6. 8 ,g±2 2. 1 T 4. 1 B 
T 2- 54741-4 
The backcross data from Table 22 are as follows: 
Table 22 117 plants ~2 12.6 ~ 4. 2 !!,1 3. 7 T 
T 2- 7 6372-2 





.s!2 20.0 ! 7.5 s!:-, 8.o T 14.o !J+ 
2i,1 15.8 ,i!2 26.3 ~ 22.l~ T 
T 2-8c 
The following linkage information is fran Table 18: 
Table 18 202 plants ,i!2 16.8 ! 6.9 ak~ 13.9 T (2.<) ~ 
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The position of the translocation with respect to .!4 is uncertain. 
There was one crossover with the translocation among the fifty vire-
scent plants. This plant was non-silkless (Sk), mald.ng the order 
sk1-T-!4 mare likely. 
Information on this translocation is available from Tables 17 
and 18: 
Table 17 94 plants 
Table 1 8 107 plants 
Combined data 201 plants 
~2 19. 1 ~ 13. 8 ~ 28. 7 T 11 • 7 !J+ 
i,!2 19. 6 ~ 1 0. 3 !!1 26. 2 T ( 0) ! 4 
~2 19.4 ~ 11.9 B~ 27.4 T (9.4) !J+ 
There were no T-,!4 recombinants among the 2J virescent plants of 
Table 1 8. The combined T-!J+ value is based on 117 plants ( 94 from 
Table 17 plus 23 from Table 18). 
T 2-9a 
This translocationwas previously placed cytologi.cally at 25.7 
by Anders on ( 1938 ) and was sh CNm to be near s ~ (Anders on, 19 4 7). 
The following data are available: 
Anderson (1947) 784 plants 
Table 14 
(Family 41.oO) 81 plants 
s~ .± o.5 
~1 27. 2 ~2 11 • 1 ~ 1 • 2 !!1 1 • 2 T 
Apparently, duplicate-deficient eggs functioned with high 
frequency in Family 4431, Table 14. As a rerult, more than half of 
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the progeny were classified as phenotypically ~ gl b sk T. The 
aneuploid plants were probably actually ~, but other experience 
has indicated that plants of this constitution often develop little 
color except in the tassel glumes. Since non-silkless (Sk) 
individuals are in excess, t~ translocation is apparently proximal 
to s~. If the interchange point were distal to sk1, the duplicate-
deficient plants would probably be phenotypically silkless (s~ ,s~ ). 
Thus, the duplicate-deficient eggs which functioned in 4L.31 were 
apparently duplicated for the distal part of 2S (including the loci 
of lg11 i!2, ~, and ~) and deficient for a distal part of 91. 
Fanily 4430 gave no indication of a large duplicate-deficient 
class. Here, as with certain duplicate-deficients described in 
connection with the chromosome 9 translocations, fumtioning of 
duplicate-deficient eggs may be quite variable. 
T 2-10.5.561 _3 
Data in Table 17 place this translocation to the right of ! 4: 
Table 17 211 plants ~2 16.6 ~ 10.0 sk1 24.6 !4 ).8 T 
The linkage relations of the chromosome 2 translocations are 
summarized in Table 23. The translocations are listed in their 
approximate order from left to right in the chromosome, on the basis 
of genetic information. Of the translocations studied, only 2-105561 _3 
gives evidence af being to the right of !4• Certain of the othE'I' s 
may be in the proximal part of the long arm between the centromere 
and !4' however. This possibility may be checked in some instances 
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Table 13. 
Data from + + + + + X l~ gl2 + S~ V4 
lg1 gl2 B sic., V4 
Nuni.> ers o bservea 
Regions Gametic Fam!Ji Famify Famify 
types 4432 4433 4434 Total 
0 + + + ++ 27 31 37 95 
0 l g gl l? sk v 23 23 29 75 
1 + gl B sk v 4 5 7 16 
1 lg+ + ++ 2 9 11 22 
2 + + B sk v 3 9 9 21 
2 lg gl + ++ 11 8 12 31 
3 + + + sk v 3 1 7 11 
3 lg gl B ++ 3 4 5 12 
4 + + + +v 6 20 11 37 
4 lg gl B sk + 11 15 14 40 
1,2 + gl + ++ 1 0 0 1 
1,2 lg+ B sk v 0 0 0 0 
1,3 + gl B ++ 0 0 2 2 
1,3 lg+ + sk v 0 1 4 5 
1,4 + gl B sk + 1 2 5 8 
1,4 lg+ + +v 1 2 3 6 
2,3 + + B + + 0 3 0 3 
2,3 lg gl + sk v 0 0 1 1 
2,4 + + B sk + 2 4 4 10 
2,4 lg gl + +v 1 2 2 5 
3,4 + + + sk + 1 1 2 4 
3,4 lg gl B +v 1 0 2 3 
1,2,3 + gl + sk v 0 0 0 0 
1,2,3 lg + B ++ 0 0 1 1 
1,2,4 + gl + +v 0 0 1 1 
1, 2,4 lg+ B ak + 0 1 0 1 
1,3,4 + gl B +v 0 0 1 1 
1,3,4 lg + + sk + 1 0 0 1 
Totals 102 141 170 413 
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Table 14. 
Data .from + + + + T gl2 + sic, + x lg1 
lg1 gl2 B ski + 
Numbers ooservea 
Regions Gametic T2-36862-6 T2 - 9a types Family Fami~ Family 
4389 4430 4431 
0 + ++ +T 15 27 47 
0 lg gl B sk + 22 23 14 
1 + gl B sk + 8 9 10 
1 lg ++ +T 5 12 6 
2 + + B sk + 7 3 5 
2 lg gl + +T 4 5 4 
3 + + + sk + 1 1 
3 lg gl B +T 0 0 
4 + ++ ++ 1 2 
4 lg gl B sk T 1 0 
1,2 + gl + +T 1 
1,2 lg + B sk + 0 
1,4 + gl B sk T 1 1 
1,4 lg ++ ++ 1 0 
2,3 + +B +T 1 1 
2,3 lg gl + sk + 0 0 
2,4 + + B sk T 2 
2,4 lg gl + ++ 0 
Totals 69 81 90 
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Table 15. 
Data from T + + + + x + l~ gl2 + s~ 
+ l~ gl2 B sk1 
Numbers observed 
Regions Gametic T 2-Je 
types i:'ami!Y Famt}i Total 
4366 4367 
0 T + ++ + 57 53 @ 110 
0 +lg gl B sk 58 56 114 
1 T lg gl B sk 0 0 0 
1 + + ++ + 0 1 1 
2 T + gl B sk 1 1 2 
2 +lg ++ + 1 0 1 
3 T + + B sk 2 2 4 
3 +lg gl + + 4 3 7 
4 T + + + sk 7 9 16 
4 + lg gl B + 7 9 16 
2,3 T + gl + + 3 0 3 
2,3 + lg + B sk 0 3 3 
3,4 T + +B + 1 1 2 
J,4 +lg gl + sk 0 0 0 
2,3,4 T + gl + sk 0 0 0 
2,J,4 +lg +B + 1 0 1 
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Data from + + + T + X gl 2 + s11 + V4 gl 2 B ski + V4 
Numbers Observed 
Regions Gametic Ti-24937-8 T2-76372-2 Tz-B5483-4 T2- 105561-3 
types 
Family Family Family Family Family Family 
4382 441 2 4413 4414 4423 4424 
0 ++ +T+ 32 32 34 25 32 32 
0 gl B sk + v 17 24 36 17 17 26 
1 + B sk + v 13 7 5 7 8 5 
1 gl + + T + 6 9 5 3 8 1 
2 ++sk:+v 4 2 1 3 2 3 
2 gl B + T + 3 2 3 1 6 7 
3 ++ ++v 5 0 2 6 11 7 
3 gl B sk T + 5 3 0 11 14 10 
4 ++ +Tv 0 0 0 0 1 0 
4 gl B sk + + 3 7 5 5 0 1 
1,2 +B + T + 2 1 2 
1,2 gl + sk + v 0 0 1 
1 ,3 + B sk T + 0 1 1 2 3 
1 ,J gl + ++v 1 1 0 1 2 
1,4 + B sk + + 1 6 1 1 
1,4 gl + +Tv 0 1 1 0 
2,3 + + sk T + 0 2 1 
2,3 gl B ++v 2 1 1 
2,4 + + sk + + 2 1 
2,4 gl B +Tv 0 1 
3,4 ++ +++ 0 1 3 1 3 1 
3,4 gl B sk T v 1 0 0 2 0 1 
1 ,2,3 +B ++v 1 0 1 
1J2,3 gl + sk T + 0 1 0 
1,2,4 +B +Tv 
1,2,h gl + sk + + 
1,3,4 + B sk T v 1 
1,3,4 gl + +++ 0 
2,3 ,4 ++sk:Tv 0 
2,3,4 gl B +++ (2)* 1 1,2,3,4 +B + + + 
1,2,3,4 gl + sk T v 0 
Totals 95 100 100 94 109 102 
* 
May be misclassifications or trisomics. 
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Table 18. 
Data from + + + T + 
V4 
x gl2 + s~ + -g11 B s~ + V4 + 
~umoers oEservea 
T1-2 T1-2 T2-8 
Regions Gametic 4937-8 5255-0 T2 - 5e T2 - 8c 5483-4 
types Family Family Family Family Family Family Family 
4381 4383 4371 4372 4373 4374 4415 
0 ++ +T+ 33 22 27 21 36 31 22 
0 gl B sk + v 13 22 12 18 10 12 12 
1 + B sk + v 8 2 4 2 8 3 4 
1 gl + + T + 8 8 12 11 4 8 9 
2 + + sk + v 0 1 2 2 2 3 2 
2 gl B +T+ 2 2 5 5 1 2 3 
3 + + ++v 5 1 1 1 5 4 3 
3 g;L B sk T + 4 3 5 6 3 2 12 
4 + + +Tv 1 1 0 0 0 1 
4 gl B sk + + 8 18 15 15 17 19 19 
1,2 +B + T + 2 4 3 
1,2 gl + sk + v 1 0 0 
1,3 +BskT+ 1 1 0 2 
1,3 gl + ++v 1 0 1 1 2 
1,4 +Bak++ 4 5 5 6 3 3 4 
1,4 gl + + T v 0 0 0 0 0 0 
2,3 ++skT+ 1 1 1 
2,3 gl B ++v 0 0 
2,4 + + sk + + 1 4 1 3 4 
2,4 gl B + T v 0 0 0 0 
3,4 ++ +++ 3 3 5 4 3 1 7 
3,4 gl B sk T v 0 0 0 0 0 0 
1,2,3 +B ++v 2 1 
1,2,3 gl + sk T + 0 0 
1, 2, 4 +B +Tv 0 
1,2,4 gl + sk + + 1 
1,3,4 +BskTv 0 
1,3,4 gl + +++ 1 2 
2,3,4 + + sk T v 
2,3,4 gl B + + + 1 
1,2,3,4 +B + + + 1 
1,2,3,4 gl + sk T v 0 

















1 ,2 ,.3 
1,2,3 
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+ + + T Data from x lg1 gl2 + + 
lg1 gl2 B + 
Gametic 
types 
+ + + T 
lg gl B + 
+ gl B + 
l g + + T 
+ + B + 
lggl+T 
+ + + + 
lg gl B T 
+ gl + T 
lg + B + 
+ gl BT 
lg + + + 
+ +BT 
lg gl + + 
+ gl + + 
lg +BT 



















Data from + + T + l gl2 + + x ~ 
lg1 gl2 + B 
N'umber s observed. 
T2-5g 
Regions Gametic Fanily Family Total 
types 4.364 4365 
0 + + T + 33 29 62 
0 lggl+B 32 34 66 
1 + gl + B 3 3 6 
1 lg+ T + 2 2 4 
2 + + +B 2 0 2 
2 lg gl T + 0 0 0 
3 + + T B 0 3 3 
3 lg gl + + 2 0 2 
2,3 + + ++ 0 1 1 
2,3 lg gl T B 0 0 0 
Totals 74 72 146 
Table 21. 
gl2 + + + 
Data from x gl2 ++sic, 
+ B T sic, 
numbers observed 
Regions Gametic T2-3c Family Family Fanily l'otal types 4427 4428 4429 
0 gl + + + 34 24 22 80 
0 + BT sk 25 32 29 86 
1 gl B T sk 3 4 2 9 
1 + ++ + 2 6 7 15 
2 gl + T sk 0 0 
2 + B + + 1 1 
3 gl + + sk 0 0 0 
3 + BT + 3 2 5 
2,3 gl + T + 0 0 0 
2,3 + B + sk 1 2 3 
Total 65 70 64 199 
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Table 22. 
Data from + + + T x gl2 + sic, + 
gl2 B ski + 
Numbers ooserved 
T1- 25255-6 T2-5 4741-!l 
Regions Gane tic Family Fami~ Fami~ 
types 4384 4405 44o6 
0 + + +T 18 43 53 
0 gl B sk + 34 40 42 
1 + B sk + 4 3 4 
1 gl + +T 10 6 10 
2 + + sk + 6 0 1 
2 gl B +T 7 2 0 
3 ++ ++ 4 0 1 
3 gl B sk T 2 1 2 
1,2 +B +T 2 1 2 
1,2 gl + sk + 0 0 0 
1,3 + B sk T 1 1 0 
1,3 gl + ++ 1 0 0 
2,3 + + sk T 0 0 0 
2,3 gl B ++ 2 1 2 
1,2,3 +B ++ 
1'2,3 gl + sk T 
Totals 91 98 117 
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No 0£ Position 
Trans- Linkage Relations PlantS* in chromo-
location some 2 
2-3 e T o.4 ~ 3.6 I! 7.1 ~ 280 s.90+ 
2-5 g ~ 6.8 ~ 2.1 T 4.1 ~ 146 s.79 
2-3 5304-3 ~ 1.3 ~ 2.8 T 4.6 ~ 109 s.67 
2-3 c ~ 12.1 ~ 2.0 T 4.o ~ 199 s.51 
2-9 a B 1.2 .!! 1.2 T 81 s.48 
-
2-5 4741-4 B 
-
4.2 ~ 3.7 T 117 s.30 
2-7 6372-2 B 
-
7.5 sk a.o T 14.0 !4 200 s.13 
2-3 6862-6 B 2.9 sk 8.7 T 69 s.34 
-
1-2 5255-8 B 13.1 sk 9.3 T (3. 7)!4 183 (27) s.2.5 
-
2-8 c B 6.9 sk 13.9 T ( 2.0) .!4 202 (50) s.11 
1-2 4937-8 B 
-
8.9 ak 14.7 T (6.5) !4 190 (124) s.11 
2-5 e B 
-
13.1 sk 15.1 T (0) !4 199 (45) s.12 
2-8 5483-4 B 11.9 sk 
-
27.4 T (9.4) !4 210 (117) s.35 
2-10 5561-3 B 10.0 sk 24.6 
- -
!4 3.8 T 211 s.22 
* Linkage values in parenthese are based on the number of plants 
indicated in parentheses. 
-81-
by observing linkages in the homozygous translocations. 
Discussion 
The linkage data summarized in Table 23 are in agreement "I'd. th 
the placement of the gene~ at about the half-way point in the shCD:'t 
arm of chromosoma 2. Three translocations were placed distal to ~1 
two between~ and ~2,, and one distal to ~1 • None was found between 
~1 and _s,!2• All three translocations placed in the outer half of 
the short arm are seen from Table 23 to have had a marked effect in 
decreasing !.g1-,i!2 recombinations (standard map distance 19 units). 
In ma.l\Y instances duplicate-deficient eggs functioned and gave 
rise to plants having portions of the short ann of chromosome 2 in 
triplicate. The marker genes in the triplicated portions in each case 
were represented by one dominant and tw:> recessive alleles. Plants 
of ~ ~1 ~1 cons ti tu ti on were found to be intermediate in phenotype 
between normal and liguleless. The leaf angle and faintness of the 
leaf collar resenbled the liguleless phenotype, but usually a faint 
ligule could be detected. Plants of ~2 _s!2 ~2 constitution gave a 
non-glossy phenotype when tested with water spray. It was not noted 
that they were especially difficult to classify. As stated under the 
discussion of T 2-9a, plants of ]! ~ _£ constitution often deveJ.op little 
color. The most reliable criterion appeared to be the development of 
color in the glwnes. Pl.ants of S~ s~ ~ constitution appeared non-
silkless. The triplicate nature of these chromosoioo regions was not 
suspected at the time the plants were classified,, so no critical. notes 
of the phenotypic effects were made, however. 
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PART VI. LINKAGE STUDIES OF OOME HOMOZYGOUS REARRANGEMENTS 
Evideme was cited earlier that in certain maize chromosomes chiasma 
frequencies appear to be very unequally distributed in different regions. 
The short arm of chromosome 2 comprises about 79 units of the linkage 
map for that chromosome, yet Morgan (1950) found that a minimum of 66 
units is in the distal half of the arm. Cytogenetic evidence indicates 
that both !!!J and~ are within the distal four chranomeres. Since 
t hey are 11 map units apart, a minimum chiasma frequency of 22 percent 
is indicated for t his very short tenninal r egion. Similarly 1 studies 
of McClintock (1941) have placed the~ gene at about the middle of the 
short arm of chromosome 9. A recent map by Ithoades (1950) indicates a 
map distance of 59 uni ts distal to wx, while the centromere is probab~ 
- -
not much more than 2 units to the right of~ As in the case of 
chranosome 21 a large amount of crossing over may occur within a few 
chromao.eres at the tip of the short arm of chromosome 9 (McClintock1 
1943). The question arises whether the amount of crossing over 
characteristic of a region is due to the nature of its chroma.tin or 
whether it is also related to its position in the chromosome. 
The relative positions of parts of the chromosome complement may 
be shif ted by chromosome rearrangement. I f the interchange point s are 
at different distances from the centromeres, one region may be shilfted 
closer to a centromere 'While another region is shifted farther a~. 
The region shifted al so becomes situated adjacent to a different chromo-
sore region. I f the recombinati on value of a region is affected by 
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its position within the chromosome, a change of position might be 
expected to produce a measurable change in crossing over. 
Materials and Methods 
The ~-.s,!2 region of the short arm of chromosome 2 and the C-wx 
region of the short arm of chromosome 9 were selected for testing the 
possible effect of chromosome position upon recombination values of a 
region. Both regions are normal:cy- in distal portions of their respective 
chromos~s. There have been numerous rearrangements in which an inter-
change has occurred in the interval between one of these regions and 
its centromere. 
It was anticipated that the recombination values of a region might 
be dependent upon its position with respect to a centromere. Consequently, 
in selecting chromosome rearrangements for testing, attention was focused 
mainly on those whose cytological detezmina. tions indicated that the 
interchange points were at different distances from centromeres, ard 
which thus shifted the regions under study either nearer to or farther 
from a cen tromere. 
In Tables 24 and 2.5 are listed the dlromosane rearrangements which 
were used in this stuctr, together with their reported cytological 
positions. In each case the distance (in microns) of the interchaJ'€e 
points from tm centrcmeres has been calculated from the cytological 
placements. These calculations are based on a chart of the lengths of 
the pachytene chromosome arms relative to chromosome 1 o, the shortest 
-64-
Table 24. Chromoscme 2 rearrangements studied in homozygous condition. 
CalcUJated 
Rearrangement Cytological * distance Vt ) of 
Dete:nninations interchange points Shift of 
from centromeres l~ - gl2 
2$ other region 
chrom y) 
Inv 2 a 2s.1 21.8 22. 7 36.8 out 14.1 
2 - 3 c 25.51 3s.66 16.$ 15. 8 in o.8 
2 - 7 6372-2 25.13 71.19 4.2 1.1 out 3.5 
2 - 8 661 2-2 25'. 40 8L.55 12.9 23.1 out 10. 2 
2 - 9 a 25.48 91.85 15.5 27.6 out 12.1 
* The positions for Inv 2a are from Morgan ( 19 50). .l'he remaining 
detenninations were made by Longley ( 1950, and Unpubl. ) • 
Table 25. Chrcmosome 9 translocations studied. in homozygous condition. 
Calculated 
Trans locati on Cytological * Distance Yt ) of 
Detenninations interchange points Shift of 
from cent:romeres C-wx 
other reg!On 
9S chrom. v> 
1 - 9 4398-4 11.51 9s.19 3.1 25. 8 out 22. 7 
1 - 9 4995-5 11. 21 9s.14 2.3 10.6 out 8.J 
2 - 9 6656-4 21.36 9s.32 5 .. 2 16.6 out 11.4 
3 - 9 c 31.15 9s.20 3.3 1. 2 out 3. 9 
4 - 9 5657-2 41 .. 30 9s.14 2.3 13.0 out 10.7 
5 - 9 a 51.80 9s. 21 3.4 28.9 out 25.5 
6 - 9 b 61.13 9s.42 6.8 5.6 in 1.2 
7 - 9 7074-6 11.03 9S.84 13.7 1.2 (39. 3 added) 
8 - 9 6673-6 81.30 9s.15 2.4 12.6 out 10. 2 
* All cytological deternd.nations by 1ongl ff:! ( 1950, and Unpubl. ) 
Table 26. 
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Calculated lengths (in microns) of the pachytene chromo-
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based on unpublished data of Dr. A. E. Longley. 
chromosane (Longley, unpubl. ). The calculated length of each of the 
arms, indicated in Table 261 is based on a length of 40 microns for 
chromooome 1 O. In general, one chromomere of a pacb.ytene chromoso11B 
has a diameter (or length) of about one micron. In the last column 
of Tables 24 and 25 is indicated the distance which the ~1-~2 and 
.£-!!! regions have been shifted in each rearrangement, and whether 
these regions have been moved outward from or inward toward a c entro-
mere. In the case of 7-97074-6 evidence presented earlier indicates 
that a portion of 7L has been added on beyond t he .£-!! region. In 
those instances 'Where cytological determinations have been reported 
by more than one investigator, an attempt was made to select the 
placements which are in best agreement with genetic information. 
Several of the chromosome 9 placements must still be regarded as 
doubtful. Data summarized earlier in this paper indicate that some 
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of them ma;y actually be in the long arm. In this case, of course, 
the .£-wx regions will not have been shifted by the rearrangement. 
The reliability of the cytological evidence in specific instances is 
discussed in a later section. 
Linkage~ 
The backcross progeny classifications are entered in Tables 27 
to 41. The individual plants which were tested are indicated in the 
first column. The direction in which the cross was made is indicated 
in the last oo lumn. Where no symbol is entered, the F 1 was used as 
the fanale parent; where a capital M is entered, it was used as the 
male parent. Reciprocal crosses of individual plants are listed 
adjacentzy in the tables 't:> permit ready comparison of the data. The 
totals from female and male transmission are entered at the bottom of 
each table. With the exception of Table 39, all data are from back-
crossing the homozygous rearrangements. Table 39 gives linkage values 
of normal sister plants of the homozygous translocation plants listed 
in Table 38. 
Discussion. 
Beca.ise of the number of rearrangements followed in this study, 
the amount of inf onna. ti on on any one is necessarizy limited. It was 
hoped, however, that sufficient information might be cbtained to 
indicate whether or not chromosoma position appeared to be altering 
noxma.l linkage values in any of the rearrangements tested. With this 
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preliminary information, it would then be possible to select a few 
of the most promising ones for more critic al testing on a larger 
scale. 
A refereooe to the list of translocations used indicates that in 
most cases the regions studied were not shifted appreciably. In the 
absence of critical corroborative infonnation on break points, differ-
ences of less than about ten microns are probably not to be considered 
significant. In most of the rearrangements available in stock, the 
two interchange points are at approximately the same distance from the 
centromeres. This is particularly true among the Bikini-induced trans-
locations (Longley, 1950). In several instances, translocations in 
which the interstitial regions were first reported to be unequal have 
been indicated to be more nearly equal in later cytological observations. 
The cytological positions indicated in Tables 24 and 25 represent the 
best present information on the interchange points. The positions of 
inversion 2a ani of T 5-9a may be considered fairly accurate. The 
former has been studied by Andera:>n (Unpubl.) and by Morgan (1950). 
Their cytological observations, together with those of Longley (1950), 
indicate that the ~ -~2 regi.on has been shifted outward slight~ 
from the cm tromere. T 5-9a has been studied extensively by Burnham 
(1931.ia, 1950, 1951). Both his c.bservations and those of Longley 
indicate the .£-~ region has been moved out a considerable distaice. 
In the case of T 7-97074_6, it is clear from evidence presented earlier 
that a long chromosome segment has been attached beyond the .£-~ 
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region of chromosome 9. 
'fhe significance of small differences obtained is made uncertain 
in view of the number af variables in the tests. The stocks used 
were not inbred and are not strictly comparable. The Bikini-induced 
translocations arose in k~nels of a commercial single cross hybrid 
and undoubtedly" there is still much heterogeneity present. An effort 
was ma.de to make exact reciprocal pollinations, where possible. There 
are, however, many cases in which plants have been crossed in only one 
direction. In some cases, data from more than one growing season are 
combined. Thus, it is not surprising to find some variability in 
recombination values. 
In the case of T 6-9b1 data are available (Tables 38 and 39) for 
linkage values in the normal sister plants for comparison with those 
obtained from the homozygous translocations. There appears to be no 
significant difference between the normals and their sister homozygous 
translocation pl.ants. The recombination value for the normals is, 
however, unexpectedly low, and differs from the average.£-~ distance 
of 26 shown in the Linkage Summary (Emerson, Beadle , and Fraser, 1935). 
Since the latter value is based on more than three hundred thousand 
individuals, the crossing over based on the normal plants segregating 
in the cultures with homozygous T 6-9b is almost certainly different 
from that average value. 
Recombination values for the ~ -~2 region appear to be somewhat 
higher for homozygous T 2-86612_2 than for the other homozygous chromo-
some 2 translocations. The data are, hovrever, not strictly comparable, 
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and should be considered only as a suggestion for further investigation. 
Among the chromosome 9 translocations tested in the homozygous 
condition, several gave recanbination values somewhat above the average 
value of 26 reported in the Linkage Summary. Only in the case of 
T 6-9b, however, were there sister plants of norm.al chranosome con-
stitution for comparison. As mentioned above, there is in this instance 
so~ question as to whether the value fran the normal plants may be 
taken as a standard for comparison. If linkage values of homozygous 
translocations be compared, it m~ be seen that T 8-96673-6 gave som&-
what higher values than did either T 6-9b or T 5-9a. Both of the latter 
translocations have shown much non-homologous pairing in the hetero-
zygous condition, however, and it cannot be assumed that such difficul-
ties wouJd necessarily be absent in the homozygous trans location. 
The single plant of T 2-9 6656-4 that was used as a female parent 
gave a considerably lower recombination value when female-transmitted 
than when male-transmitted. Values from male-transmission of other 
plants also gave considerably higher values. The significance of these 
results is subject to question, but certainly a more extensive test 
seems warranted. 
On the basis of data in Table 401 plants homozygous for T 7-97074-6 
gave a significcntly higher.£-~ reconbination value when femaJ.e-
transmitted than when male-transmitted. Here, as before, the data are 
limited. 
For results of convincing statistical nature it is obvious that 
several oond.itions need be fulfilled. It is desirable that all trans-
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location stocks be backcrossed to the same stock to increase their 
homogeneity. If male and female transmission are to be compared, 
exact reciprocal crosses should be made, when possible. It is aloo 
important that the crosses be made at very nearly the same time during 
the same growing season. By restricting the number of tests to a few 
selected translocations, considerably larger populations can be tested 
in each case and the significance of the results increased. 
For comparing recombination values in normals and homozygous 
trcrislocations, T 2-8 6612_2, T 6-9b, and T 8-96673-6 appear promising. 
For comparing differences in male and female transmission of the trans-
location homozygotes, T 2-96656-4 and T 7-97074-6 wa?Tant more 
investigation. 
Summarized results are indicated in Table 42. In each case the 
shift of either the ~1-~ region or the£-!!! region is listed along 
wi. th the resultant mean percent crossing over in the region. The latter 
figure represents a mean of the actual percentages obtained in individual 
instances. Individual progenies of less than one hundred are not 
included in the calculations of the mean percents. In Tables 27-41 is 
indicated in each instance the percent recombination as calculated from 
the total nunU:>er of indi nduals and the total recombinants. Comparison 
of these calculated percentages with the mean percentages listed in 
Table 42 indicates that the values are not appreciably different. 
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+ gl T 
Table 27. Inversion 2a F1 genotype: lg+ T 
Number of Individuals R b. t' Trans-
Plant * 
ecom ina ions mi tted 
Numbers ++ + gl lg + lg gl Total Number % as 
820-7 5 67 54 3 129 8 6.20 
-7 3 1 3 1 8 4 M 
-8 9 35 44 10 98 19 M 
821-9 31 155 175 38 405 75 18.52 
-9 43 146 165 48 402 91 22.64 M 
822-12 9 44 46 11 110 20 18.18 
-12 35 108 119 32 294 67 22.79 M 
-15 6 25 23 7 61 13 M 
-15'1' 5 11 14 2 32 7 M 
823-6T 31 141 148 36 356 67 18.82 M 
824-1 T 6 JO 27 6 69 12 M 
-6T 25 125 127 32 309 57 18.45 M 
-7 31 171 171 41 414 72 17.39 
-7 35 120 122 34 311 69 22.19 M 
-10 29 141 134 24 328 53 16.16 
-10T 3 11 16 4 34 7 }.{ 
-13 15 117 123 28 283 43 15.19 
825-3 51 154 202 47 454 98 21.59 
-3T 17 54 67 14 152 31 20.39 M 
-14 31 145 14.1 16 333 47 14.11 
826-10 23 101 111 29 264 52 19. 70 
Totals(F) 231 1095 1157 237 2720 468 17. 21 
Totals(M) 218 807 875 226 2126 444 20.88 
Combined 4846 912 18.82 Totals 
* 
all plants listed were confirmed as homozygous inversions by progeny 
tests. 
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+ + T 
Table 28. T 2-3c F1 genotype: 
lg gl T 
rans-
Plant Number of Individuals Recombinations mitted 
Numbers ++ + gl lg+ lg gl Total Number % as 
802-3 114 32 24 116 286 56 19.58 
-6 126 38 31 138 333 69 20. 72 
-7 165 38 33 170 406 71 17.49 
-7 77 21 27 71 196 48 24.49 M 
-9 172 46 38 161 417 84 20.14 
-9T 117 30 19 122 288 49 17 .01 M 
803-2 106 26 17 120 269 43 15.99 M 
806-1T 108 27 30 98 263 57 21.67 M 
-4 96 36 46 98 276 82 29. 71 
808-4 63 14 11 55 143 25 17.48 
-7 87 23 31 71 21 2 54 25.47 
2084-8 97 28 15 81 221 43 19.46 
-11 255 45 53 247 600 98 16.33 
2085-6 125 32 30 107 294 62 21.09 
-13 156 31 37 173 403 74 18.36 
2087-1 127 34 41 144 346 75 21.68 
Totals(F) 1583 403 390 1561 3931 793 20.14 
Totals(M) 408 104 93 411 1016 197 19.39 
Combined 
Totals 4953 990 19.99 
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Table 29. T 2- 76372-2 F 1 genotype: 
+ + T 
lg gI T 
rans-
Plant Nw:it> er of Individuals Recombinations mitted 
Numbers ++ + gl lg + l g gl Total Number % as 
2074-7 37 13 8 36 94 21 M 
-21 116 21 'Z"l 129 293 48 16.38 M 
2076-2 257 41 47 194 539 88 16.33 
-2 109 21 24 116 270 45 16.67 M 
-11 58 12 10 61 141 22 15.60 M 
-14 45 13 16 57 131 29 22.1L M 
2077-8 27 5 2 J8 72 7 
-14 114 31 31 107 283 62 21.91 
-21 119 15 31 126 291 46 15. 81 
2078-1 137 47 30 163 377 77 20.42 
-8 257 53 63 247 620 116 18. 71 
Totals(F) 911 192 204 875 2182 396 18.15 
Totals(M) 365 80 85 399 929 165 17. 76 
Combined 3111 561 18.0J Totals 
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Table 30. T 2-a6612_2F1 genotype 
+ + T 
lg gl T 
Trans-
Plant Number of Individuals Recombinations mitted 
Numbers + gl lg+ lg gl Total % as ++ Numbers 
2079-14 147 55 60 128 390 115 29.49 
-14 33 13 13 39 98 26 M 
-18 117 27 38 114 296 65 21.96 
2080-14 152 42 60 153 407 102 25.06 
-14 96 33 46 105 280 79 28. 21 M 
-20 138 32 42 113 325 74 22. 77 
-20 96 40 31 77 244 71 29.10 M 
2081-8 111 28 29 99 267 51 21.35 
2082-17 64 22 19 62 167 41 24.55 
-17 106 35 28 108 277 63 22.74 M 
2083-16 27 15 11 27 80 26 
-16 62 19 31 61 173 50 28.90 M 
Totals(F) 756 221 259 696 1932 480 24.84 
Totals (M) 393 140 149 390 1072 289 26.96 
Combined 3004 769 25.60 Totals 
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Table 31. T 2-9a F1 genotypes + + T + gl T or 
lg gl T lg + T 
Plant Nurri:> er of Individuals Recombinations;r~~d 
Numbers ++ + gl lg + lg gl Total Numbers % as 
354-11 123 31 41 127 322 72 22.36 
-14 81 2) 28 78 207 48 23.19 
-15 98 35 33 1o6 272 68 25.oo 
356-7 3 2 1 3 9 3 
-9 87 20 19 85 211 39 18.48 
357-1 29 77 59 28 193 57 2C) .53 
-7 47 11 13 49 120 24 20.00 
811-1 7 31 40 7 85 14 
-1 26 136 119 23 304 49 16.12 M 
-2 'll 162 144 42 375 69 18.40 M 
815-3 108 25 32 112 277 57 20.58 
-7T 68 21 30 72 191 51 26.70 M 
2090-2 45 89 120 26 280 81 28.93 M 
~91-9 13 77 86 14 190 27 14. 21 
-12 18 93 110 22 243 40 16.46 
-12T 30 180 147 38 395 68 17.22 M 
-13 21 113 106 32 272 53 19.49 
-13 22 137 138 36 333 58 17.42 M 
-23 11 45 36 10 102 21 20.59 
-27 26 90 100 27 243 53 21.81 M 
2092-1 118 36 47 130 331 83 25.08 
2093-2 77 21 26 87 211 47 22.27 
-2 69 32 15 66 182 47 25.82 
-2 128 51 51 167 397 102 25.69 M 
Coupling totals (F) 840 310 314 871 2335 545 23.34 
Repulsion totals(F) 70 359 378 65 892 155 17.38 
Grand totals (F) 3227 700 21.69 
Coupling totals(M) 196 72 81 239 588 153 26.02 
H.epulsion totals(M) 176 794 768 192 1930 378 19.59 
Grand totals (M) 2518 531 21.09 
Combined totals 5745 1231 21.43 
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Table 32. T 1-94398-4 Jf 
C wx T 
1 genotype c Wx T 
Trans-
Plant Number of Individuals Recombinations mitted 
Numbers C Wx c wx c Wx c wx Total Number % as 
2010-1 10 119 112 45 346 115 33.24 
-1 46 19 108 34 267 80 29.96 M 
-1 40 115 94 47 296 87 29.39 M 
-1 54 58 78 35 225 89 39.56 M 
-1 48 84 88 34 2~ 82 32. 28 M 
-1 65 90 124 65 344 130 37.79 M 
Totals (F) 10 119 112 45 346 115 33.24 
Totals (M) 253 426 492 215 1386 468 33.11 
Combined Totals 1732 583 33.66 
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Table 33. T 1-94995-5 F1 genotype 
C wx T 
c Wx T 
rans-
Plant Number of Individuals Recombinations mitted 
Numbers C Wx c w.x c Wx C VIX Total Number % as 
2001-1 35 106 86 40 267 75 28.09 
-1 44 78 86 31 239 75 31.38 M 
-2 31 63 66 25 185 56 30.27 
-3 38 83 80 32 233 70 30.04 
-5 54 77 78 59 268 113 42.16 M 
2002-4 SI 73 96 44 264 95 35.98 
-5 39 102 104 45 290 84 28.97 
2003-2 24 94 97 19 234 43 18.J8 
-3 40 115 105 46 306 86 28.10 
-3 27 101 83 38 249 65 26.10 M 
-4 45 111 85 52 293 97 33.11 
-4 6o 103 104 62 329 122 37.08 
-4 61 96 113 69 339 130 38.35 M 
2004-1 48 81 99 37 265 85 32.08 
-2 40 42 58 24 164 64 39.02 
-3 16 )4 28 14 92 30 
-3 70 116 157 76 419 146 34.84 M 
-s 79 148 135 67 429 146 34.03 
-s 12 30 32 19 93 31 M 
-6 45 91 94 46 276 91 32.97 
-7 67 1 L6 144 76 433 143 33.03 
-7 57 90 93 66 306 123 40.20 M 
200S-1 6S 123 111 6o 359 125 34.82 
-1 so 77 74 so 251 100 39.84 M 
-2 48 89 83 48 268 96 3S.82 
-2 17 18 25 11 71 28 
-3 67 93 97 58 315 12S 39.68 
-4 42 88 128 52 310 94 30.32 
2006-1 31 84 61 39 21S 70 32.56 
-2 51 111 94 36 292 87 29.79 
-2 so 79 85 56 270 106 39.26 M 
-3 71 151 145 86 453 157 34.66 
-3 65 112 116 55 348 120 34.48 M 
-4 52 80 107 52 291 104 35. 74 
-6 58 102 106 6o 326 118 36.20 
2008-1 41 70 72 42 225 83 36.89 
-2 30 74 68 45 217 75 34.56 
2009-5 29 64 78 27 198 56 28. 28 
-5 37 81 84 23 225 6o 26.67 M 
-6 17 73 88 20 198 37 18.69 
Totals (F) 1277 2612 2644 1265 7798 2542 32.60 
Totals (M) 527 931 1001 S42 3001 1069 35.55 
Combined Totals 10805 3611 33.42 
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Table J4. T 2-96656-4 F1 genotype 
C wx T 
c Wx T 
Trans-
Plant Number of Individuals Recombinations mitted 
N'Ulli> ers C Wx c wx c Wx C \VX Total Number % as 
2046-4 55 81 1o6 40 282 95 33.69 M 
2047-2 83 114 156 53 406 136 33.50 M 
-5 49 105 88 41 283 90 31.80 M 
2048-2 17 65 59 16 157 33 21.02 
-2 44 88 83 54 269 98 36.43 M 
-2 58 136 123 64 381 122 32.02 M 
-4 66 125 120 59 370 125 33.78 M 
-4 61 93 113 46 313 107 34.19 M 
-4 23 37 46 'Zl 133 50 31.59 M 
-4 44 69 69 35 217 79 36.h1 M 
Totals (1'.,) 17 65 59 16 157 33 21 .02 
Totals (M) 483 848 904 419 26;4 902 33.99 
Combined 2811 935 33. 26 Tables 
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Table 35. T 3-9c F1 genotype 
C Wx T 
c wx T 
rans-
Plant Numb er of Individuals Recombinations mitted 
Numbers C Wx c 'WX c Wx c 'WX Total Number % as 
4313-4: 86 38 24 92 240 62 25.83 
-9 38 11 12 22 83 23 M 
-1 o"~r 90 38 40 86 254 78 30. 71 
1gr* 25 10 9 27 71 19 M 
4314:3 88 JO 51 76 245 81 33.06 M 
4316-2* 57 38 42 71 208 80 38.46 M 
2)14-1 79 9 18 104 210 27 12.86 M 
-3 144 56 55 159 414 111 26. 81 
-3 97 J8 48 85 268 86 32.09 M 
-5 1JJ 70 57 135 395 127 32.15 
-6 93 28 19 77 ' 217 47 21.06 M 
-8 117 51 49 115 332 100 .30.12 
-8 53 24 22 47 146 46 31.51 M 
-11 106 42 38 111 297 80 26.94 
-11 149 47 56 102 J56 105 29.49 M 
-12 178 68 74 157 477 142 29. 77 
-15 21 10 12 29 72 22 M 
-15 34 15 13 34 96 28 M 
-18 112 37 36 108 293 7J 24.91 
-19 117 38 54 105 314 92 29.30 
-20 108 54 63 104 329 117 35.56 },{ 
-24 1J1 71 69 123 J94 140 35.53 
-24 53 28 24 64 169 52 JO. 77 M 
a:l15-2 113 74 84 115 386 1.58 40.93 M 
-4 141 61 70 129 401 131 32.67 
-6 101 37 42 97 277 79 28.52 
-9 113 50 53 121 337 1 OJ 30.56 
2016-2 98 49 50 89 286 99 34.62 M 
-3 97 44 63 102 3o6 107 34.97 
-10 168 96 69 154 487 16.5 J3.88 
-12 99 45 25 81 250 70 28.00 
-17 192 69 78 167 ~~ 14A 2.f .05 
-19 139 68 60 14J 12 J .22 
Totals (F) 2264 979 956 2185 6384 193) 30.31 
Totals (M) 11o6 465 525 1046 3142 990 J1 .51 
Combined Totals 9526 2925 30. 71 
* confinned as homozygous translocation by progeny tests. 
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Table 36. T 4- 95657-2 F1 genotype 
C w.x: T 
c Wx T 
Plant Number of Individuals Recombinations Trans-
mitted Numbers C Wx c wx c Wx c wx Total Number % as 
2017-2 28 100 134 41 30t 69 22.77 M 
-3 70 152 133 69 42 139 32. 78 
-3 L4 133 184 48 409 92 22.49 M 
-5 6 2 8 3 19 9 
-5 47 71 102 40 260 87 33.46 M (018-2 47 91 126 43 307 90 29.32 
-3 68 95 94 54 311 122 39.23 M 
-5 52 55 89 38 234 90 38.46 
-5 59 104 112 54 329 113 34.35 M 
2019-3 21 28 32 24 105 45 42.86 
-5 65 111 133 66 375 131 34.93 M 
-6 43 74 94 58 269 101 37.55 
-8 96 137 146 69 448 165 36.83 M 
2020-1 28 45 51 22 146 50 34.25 
-1 22 56 61 24 163 46 28. 22 M 
-2 47 117 110 47 321 94 29.28 
-2 47 90 86 43 266 90 33.83 M 
-3 1 2 26 24 19 81 31 
-5 32 72 11 33 214 65 30.37 
-5 37 58 72 35 202 72 35.64 M 
2021-1 63 83 91 43 280 106 37.86 
-1 83 155 141 71 450 154 34.22 M 
-5 1 4 8 2 15 3 
2022-1 38 64 56 41 199 19 39.10 
-1 68 75 74 52 269 120 44.61 M 
-4 18 42 51 29 146 47 32.19 
-4 83 128 175 66 452 149 32.96 
-5 55 109 85 56 305 111 36.39 M 
2023-1 27 26 31 13 91 40 M 
-4 61 105 108 54 328 115 J5.o6 
2024-2 47 105 117 45 314 92 29.JO 
-3 54 102 123 50 329 104 31.61 M 
-5 93 141 152 73 459 166 36.17 
-6 54 107 116 56 333 110 33. 03 M 
-7 87 157 137 71 452 158 34.96 
Totals (F~ 856 1540 1668 796 4860 1652 33.99 
Totals (M 847 1480 1671 756 4754 1603 33.72 
Combined Totals 9614 3255 33.86 
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Table 37. T 5-9a F1 genotype 
C Wx T 
c wx T 
Plant Number of Individuals Recombina. tions Trans-mitted Numbers C Wx c wx c Wx c wx Total Number % as 
2025-1 112 33 51 84 280 84 30.00 M 
-4 1 21 29 37 128 315 66 ~.95 
-4 103 32 35 83 253 67 26.48 M 
-8 182 60 58 164 464 118 25.43 
-9 63 23 23 50 159 46 28.93 
-10 103 26 35 83 247 61 24.70 
2026-1 31 13 12 22 78 25 M 
-8 143 49 42 130 364 91 25.oo 
2027-1 135 52 45 112 344 97 28.20 M 
-1T 67 19 16 39 141 35 24.82 M 
-4 173 35 43 157 408 78 19.12 
-9 43 7 6 35 91 13 
2028-1 137 56 65 156 414 121 29. 23 
-6 118 52 37 111 318 89 27.99 
-6 135 51 45 99 330 96 29.09 M 
2029-2 161 46 40 124 371 86 23.18 M 
-3 160 47 48 156 411 95 23.11 
-3 63 19 19 75 176 38 21.59 M 
-4 155 43 53 155 406 96 23.65 
-5 70 4 12 57 143 16 11.19 
-6 140 36 38 149 363 74 a:i.39 
-6 66 43 48 138 295 91 30.85 M 
-7 88 30 47 102 267 77 28.04 M 
-7 65 18 13 47 143 31 21.68 M 
2030-5 76 13 17 105 211 30 14.22 
2031-3 105 41 50 79 275 91 33.09 M 
-4 70 31 22 80 203 53 26.11 M 
2032-3 144 25 52 110 331 77 23. 26 M 
-4 103 26 25 101 255 51 20.00 M 
Totals (F) 1684 480 514 1636 4314 994 23.04 
Totals (M) 1448 479 520 1295 3742 999 26.70 
Combined Totals 8056 1993 24.74 
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Table 38. T6-9b F1 genot~ 
C wx T 
c Wx T 
Plant Nu.ni:>er of Individuals Recombinations Trans-
mitted Numbers C Wx c wx c Wx c wx Total Number % as 
2036-2 35 82 94 28 239 63 26.36 M 
-8 23 90 105 23 241 46 19.09 
-18 31 94 69 25 219 56 25.57 
-20 42 132 113 43 330 85 25.76 
-35 38 127 131 49 345 87 25.22 
2037-8 28 94 92 28 242 56 23.14 
-8 26 76 94 13 209 39 18.66 M 
-22 39 86 106 42 273 81 29.67 M 
-34 34 114 118 32 298 66 22.1.5 
-42 35 125 133 32 325 67 20.62 
Totals (F) 231 776 761 232 2000 463 23.15 
Totals ( M) 100 244 294 83 721 183 25.38 
Combined Totals 2721 646 23. 74 
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Table 39. Normals - sister plants of homozygous T 6-9b 
F1 genotype C Wx + 
c wx + 
Trans-
Plant Number of Individuals Recombinations mitted 
Numbers C Wx c wx c Wx c wx Total Number % as 
2036-6 149 49 39 155 392 88 22.45 
-7 107 40 35 138 320 75 23.lJ.4 
-21 115 29 33 121 298 62 20.81 
-22 186 66 66 188 506 132 26.09 
-23 181 41 38 162 422 19 18. 72 
-26 110 33 33 128 304 66 21. 71 
-27 100 9 21 90 220 30 13.64 M 
-31 150 38 41 136 365 79 21.64 
-31 63 13 16 65 157 29 18.47 
-31 132 39 41 129 341 80 2J.46 M 
-33 83 30 26 85 224 56 25.oo 
-36 69 29 27 13 198 56 28.28 
2037-4 118 26 24 118 286 50 17.48 
-7 43 17 19 38 117 36 30.11 
-10 138 49 31 147 365 80 21.92 
-12 51 29 27 77 190 56 29.47 
-17 137 27 26 129 319 53 16.61 
-19 107 33 27 129 296 60 20.27 
-24 120 36 23 102 281 59 21.00 M 
-25 141 44 38 131 3~ 82 23.16 
-26 72 17 19 74 182 36 19. 78 M 
-32 197 35 59 21 8 509 94 18.47 
-36 142 38 31 122 333 69 20.12 
Totals (F) 2293 666 636 2360 5955 1302 21.86 
Totals (M) 424 101 104 395 1024 205 20.02 
Combined totals 6979 1507 21.59 
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Table 40. T 7- 97074-6 F1 genotype 
C wx T 
c Wx T 
Trans-
Plant Number of Individuals Recombinations mitted 
Numbers C Wx c wx c \Vx c wx Total Number % as 
2050-2 54 136 125 44 359 98 27.30 M 
2051-3 84 161 158 81 484 165 34.09 
2052-1 52 110 106 44 312 96 30. 77 
-1 40 84 87 36 249 78 31.33 
-3 33 96 126 44 301 77 25.58 M 
-6 30 56 60 30 176 60 34.09 
2053-2 49 100 98 39 286 68 30.11 
-3 33 153 148 35 369 68 18.43 M 
-3T 35 152 177 49 413 84 20.34 M 
Totals (F) 255 511 509 232 1507 487 32.32 
Totals (M) 155 539 576 172 1442 327 22.68 
Combined tota.1.s 2949 814 27.60 
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Table 41. T 8- 96673-6 F1 
C wx T genotype 
c Wx T 
Plant Nuni:> er of Individuals Recombinations Trans-
mitted Numbers c 'WX c wx c Vix c wx Total Number % as 
2039-1 34 94 79 39 246 73 29.67 
-2 6 15 11 6 38 12 
-2 29 52 55 30 166 59 35. 54 M 
-6 44 110 82 53 289 91 33.56 
-10 23 43 30 13 109 36 33. 03 
2041-1 53 105 107 51 316 104 32.91 
-4 68 132 125 82 407 150 36.86 
2042-2 51 80 84 53 268 104 38. 81 
-3 J6 58 58 28 180 64 35.56 
-3 43 10 69 53 235 96 40.85 M 
-4 39 64 10 43 216 82 37.96 M 
2043-2 30 71 59 35 195 65 33.33 M 
-3 56 115 107 56 334 112 33.53 M 
2045-3 16 29 29 12 86 28 
Totals (F) 331 666 6o5 331 1939 668 34.45 
Totals (M) 197 372 36o 21 7 1146 414 36.13 
COinbin €d. totals 3085 1082 35.07 
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Table 42. Influence of chromosome position on recombination values 
in the ~1 -!Q;2 and ~ ~ regions. 
Shift of Mean Number 
Rearrangement Region ~) percent of 
(~-~2) Recombination* Pro ge?'lY'** 
Inv 2 a out 14.1 18.1.5 + 2.34 4544 
2 - 3 c in o.a 20.42 + 1.97 4953 
2 - 1 6372-2 out 3.5 18. 22 + 2. 04 294.5 
2 - 8 6612-2 out 10. 2 25.41 + 2.57 2826 
2 - 9 a out 12.1 21. 61 ! 1. 89 5651 
<E - ~) 
1 - 9 4398-4 out 22. 7 33. 70 + 4.34 1732 
1 - 9 4995-5 out 8.J 33.04 + 1. 79 10.549 
2 - 9 6656-4 out 11.4 (M)34.J8 + 1.55 2654 
TotalJJ.04 + 3.84 2811 
3 - 9 c out 3.9 30.39 + 2.00 9204 
4 - 9 5657-2 out 10.7 34.02 + 1. 78 9402 
5 - 9 a out 25.5 24. 48 + 1.97 7887 
6 - 9 b in 1.2 23.62 + 2.52 2721 
Normal(sisters of 6-9b) 21 • 89 + 1. 77 6979 
7 - 9 7074-6 (39.3 added)(F)32.21 + 2.1.5 1507 
(M) 22. 91 + 6. 70 1442 
(Total)28.08 + 4.36 2949 
8 - 9 6673-6 out 10. 2 35.13 ± 1.98 2961 
* based on progenies larger than 1 oo. Includes both ms.le and female 
transmission where not specified. 
** total number of individuals in progenies larger than 100. 
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